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FOREWORD
This work goes to print somewhat
modified from the doctoral dissertation

submitted to the University of Rhode
Island in May, 196S. The principal modi-
fications have been deletions.  Originally
written as “the iguanid lizards of the Lesser

! Massachusetts Audubon Saociety, Lincoln, Mass.
01773.

Antilles,” the entire section on [guana—the
only other living genus—has been removed
and will be  published  elsewhere. A
seathing  critique  of  mathematical  ap-
proaches to island biogeography has been
cut, simply because my emotional involve-
ment against that nefarious pseudoscience
prectuded a report that was not vindictive
and vitriolic.

Most important to me. what now follows
seems drv, dull, and stultifying. I tried not
to write it that wav, for T firmly believe
that uuless scientists can make their work
interesting, or even entertaining. it will not
be read. even by their colleagues and
fellow specialists, As I read over these
pages now, I find scant allusion to what
it was like to spend a decade—in the field
and in the lab—getting to know this re-
markable fauna. Goue from these pages
are the perils of caelin bush and huge
vipers: nothing remains of giant boas and
Cicero parrots: there is no more the taste
of salt and blood on the rocks in the surf
at Pelikan Cay or Kick-'em-Jenny. Counting
subdigital lamellae, or arguing over the
best possible species definition. is dull work
indeed. Sadly. that is about all that now
remains.

It has been over two vears since the Jast
revision of this work was done for the
University of Rhode Island. T have long
moved on to a study of the herpetology and
ccology of our coastal islands from Cape
Cod to Cape Fear, and have not now time
to rewrite this as I did the original. Publi-
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-ation of this work is overdue, in any form,
and these are hard times: the cost of a
printed page is high indeed. So, to make
up for all that what follows lacks, I
recommend to you the Lesser Antilles: the
sea, the islands, the people, and, of course,
the iguanid lizards. In reality, they are
very far from dull.

James D. Lazell, Jr.

Apstract. The iguanid lizards of the genus
Anolis from all islands from the St. Croix Bank
southward to the Grenada Bank are reviewed
systematically. Two major groups are recognized:
the bimaculatus group, from the northern islands
(St. Croix to Dominica), has three parasternal
chevrons attached to dorsal ribs; the roquet group,
from the southern islands ( Martinique to Grenada),
has four chevrons attached to ribs.

Nine species of bimaculatus group Anolis are
recognized: acutus, wattsi (with four subspecies:
watlsi, forresti, and two newly described ), sabanus,
gingiviuns, bimaculatus  (with two subspecies:
bimaculatus and leachi), uubilus, lividus, mar-
moratus  (with twelve subspecies: marmoratus,
alliaceus, girafus, setosus, kaltowannensis, speciosus,
inornatus, desiradei, clirysops, ferreus, terracaltae
and caryac), and oculatus (with four subspecies:
oculatus, cabritensis, montanus, and winstoui).
Morphological, karyotypic, and geographic con-
siderations lead to an opinion that Aunolis acutus
is the primitive member of this group, and that
evolution has been in some five stages of radiation;
the most recently evolved full species is thought
to be Anolis nubilus.

The roquet group is divided into seven species:
luciae, griseus, richardi, trinitatis, acucus, ex-
tremus, and roquet (the latter divided into five
subspecies: roquet, and four newly described).
Morphological, karyotypic, and behavioral evi-
dence argues strongly that Anolis luciac is the
most primitive member of this group, and that
Anolis roguet, and its subspecies on Martinique, is
the most recently evolved. Five stages of invasion
and differentiation are envisioned for this group,
too.

The theory of species group level taxonomy on
oceanie islands is given especial consideration; it
is suggested that the “biological” species concept
is neither logically nor theoretically applicable in
many cases, and that the inclusive evolutionary
species concept of Simpson (1961) is required.
The geology and climatology of the Lesser An-
tilles are discussed in detail, and reconstructions
of the evolution of the lizards are developed in
that context.

THE LESSER ANTILLES:
AN INTRODUCTION

In no other regime on earth do the winds blow
so steadily. Life has adjusted to this uniform

wind stream in numerous ways.
—Herbert Riehl (1954)

The basin of the Caribbean is the great
cul-de-sac of the western North Atlantic.
Separated in the north from the Gulf of
Mexico by Yucatan and the Greater An-
tilles, this sea is bounded on the west and
south by solid land long known simply as
the “Spanish Main,” but today composed of
the Mexican State of Quintana Roo, the
Crown Colony of British Honduras, and
the Republics of Guatemala, Honduras,
Nicaragua, Costa Rica, Panama, Colombia,
and Venezuela. The equatorial surface
waters of the Atlantic are swept unccas-
ingly into the Caribbean cul-de-sac; to
quote Slocum (1900): “the trade winds

. ., produce this eurrent which, in its
course . . ., is governed by the coastline
of Brazil, Guiana, Venezuela, and, as some
would say, by the Monroe Doctrine.” This
great current of surface water, pouring into
the Caribbean cul-de-sac from the south-
cast, must change dircction to get out
again in the northeast: it is strained be-
tween Cuba and Yucatan into the Gulf of
Mexico, fended off by the vast, shallow
banks of the Bahamas, and sent ripping
through the Straits of Florida to form the
Gulf Stream.

The Trade Winds are best regarded as
a veetor quantity; air, heated in the equa-
torial arca, rises to great elevations, cools,
and descends towards the temperate lati-
tudes of the carth; pushing back across the
surface, it completes its eycle. At the sur-
face of the earth, convection currents
provide a north-to-south Trade Wind
component in  the northern hemisphere,
and an  opposite, south-to-north  Trade
Wind component in the southern hemi-
sphere. The residual inertia of the air mass
surrounding a rotating ecarth provides a
continuons cast-to-west Trade Wind com-
ponent. Thus, surface water in the south-



ern Atlantic  is iterallv - blown  north-
westward against the continental mass of
South America, whencee it is swept into the
Caribbean. The Trade Winds themselves
sweep ito the Caribbean basin from the
north and cast, unimpeded by any conti-
nental barrier.

This simple picture has but one major
complication: the carth is tilted on its axis.
As the ecarth orbits the sun, the shortest
distance from earth to sun is caused to
move from the equator northward and
southward, producing the alternating pat-
tern we call scasons. The effects of the
scasons are different in tropical regions
such as the Caribbean than thev are in
temperate climes; the sun is alwavs com-
paratively close. and temperature variations
at the carth’s surface are therefore com-
paratively minor. The small fluctuations
that do occur, however, mayv be antecedent
to storms whose violence and destructive
potential are unmatched by other phenom-
ena of man or nature.

When the shortest  distance from  the
carth to the sun has reached its northern-
most lmit, the Tropic of Cancer. the sum-
mer solstice is reached: as the earth orbits,
the shortest distance from the carth to the
sun again coincides with the equator, and
the autumnal equinox has been attained.
From about the summer solstice until after
the autumnal equinox the tropical North
Atlantic is slightly warmer, on the average,
than is the tropical South Atlantic; the
northern equatorial air mass is usually
somewhat warmer in correspondence, and
the upward beginning of the convection
currents is, as a result, comparatively
strong.  Cooler, southern air may some-
times be pushed by the Trade Winds across
the equator. The resulting clash of temper-
atures and pressures can create a sudden
“bulge”™ of rising, warm air in a local field
of descending, cool air; this bulge, with its
concomitant suction of updraft, may,
under the intluence of Coriolis effect, begin
to swirl: a cyclonic storm may be born.
This beginning may occur anyvwhere in the
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north cquatorial Atlantic from  Africa to
the Caribbean. Often, there is a tendency
for these cvelonie storms to be  carried
westward by the wind and current: they
may be swept into the basin of the Carib-
bean and, gaining tremendous velocity of
rotation. become West Indian Hurricanes.
For sheer foree, the West Indian Hurricane
may be compared only to its sister storm.
the Pacitic Tvphoon.

Across the mouth of the Caribbean cul-
de-sac extends an arc of small massifs.
Rising independently from the bottom of
the sea, these massits form  submarine
banks which, in most cases, are today
topped by islands: The Lesser Antilles.
These islands rake the air and sca pouring
into the Caribbean cul-de-sac like the teeth
of a gigantic comb. ITurricanes, when their
paths are averaged, may show a tendency
to approximate the current flow and leave
the cul-de-sac in the north and ecast: but
individually they are often deflected south-
ward by the push of the Trade Winds, and
the comb of the Lesser Antilles may thus
strain out detritus borne across the sea
from the west and north. No method for
accurately  predicting the path of any
hurricane has ever been devised.

The Lesser Antilles are truly oceanic

islands. Although cveles of glaciation have
caused sea level fluctuations probably
uniting most of the islands on a given
Lesser  Antillean  submarine  bank  (sece

Flint, 1957: 258-271), there is no evidence
that any connection has occurred between
islands on different banks or from any
Lesser Antillean bank to any other land
area.  Matthew (1915, 1918, and 1930)
progressively built the case against con-
tinental connections to the Antilles until it
was unassailable. The entire polemic and
the views of Matthew's prineipal antago-
nist, Thomas Barbour, are available under
one cover ( Matthew, 1939).

The causal zoogeography of oceanic
islands, such as the Lesser Antilles, is

simplicity itself.  Aside from the recent
introductions of man (which have had but
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scant effect on Lesser Antillean iguanid
lizards), the land animals of the Lesser
Antilles are descendants of what Dunn
(1934) aptly called “waifs™; these usually
reached the islands by passive “waif dis-
persal” across the sea rather than by any
active intentions of their own. There can
be no genuinely predictable patterns of
land animal distribution on oceanic islands.
Land animal distribution here has been
controlled by two major factors: the
whimsy of the wind, and the caprice of
the sea.

Davis (1926) provided the most detailed
account of the physiography of the islands
and their geological composition. Follow-
ing this, two principal subdivisions may
be recognized:

The first cycle islands form a continuous
inmer (western) chain, beginning with
Saba in the northwest and extending to
the southernmost cay, Glover Island on
the Grenada Bank. These islands are of
igncous, extrusive strata, and many are
still actively volcanic.

The sccond cycle islands, beginning at
the extreme northern end of the arc with
Sombrero, and extending southward only
as far as Marie Galante, arce older; their
igneous strata are largely eroded away, and
they have been submerged and capped
over with oceanic limestone, a sedimentary
stratum.  Many of them still have old
basalt spires protruding from the limestone,
but all are low in clevation (under 1400
feet).

Barbados lies on a continental base. On
the same ridge as Tobago, Trinidad, and
the Coastal Andes, this island has, like
those of the second cycle, been submerged
and capped with limestone.

St. Croix also resembles the islands of
the second cycle, though its base (and
protruding highest hills) are of sedimentary
rocks: slates and shales. Although St
Croix is distinct from the croded plutonic
rock islands of the Puerto Rico Bank, in-
cluding all the other Virgin Islands. it is

distinct from its Lesser Antillean neighbors
also in not being of volcanic origin.

The tiny atoll of Aves lies far at sea,
west of Dominica and south of Saba. It
lacks iguanid lizards, and need not concern
us here (see Lazell, 1967a). The banks
and major islands are shown in Figure 1.

The only historical geology of thesc
islands is that of Schuchert (1935). Schu-
chert was a bridge-builder; he erected land
bridges across wide areas to explain the
presence of a single form on a particular
island. The distribution of animal life in
the Lesser Antilles fails to support any
such hypothetical land bridges, either be-
tween the Lesser Antillean banks, or from
them to ecither the Greater Antilles or South
America.

Two major meteorological generaliza-
tions are evident in the Lesser Antilles:
(1) the wind blows from the northeast,
(2) clouds (cumulus) lie at 2000 feet.

The first of these, wind direction, is
subject to change only at times of imminent
storm: the hurricane season from June to
November. In this period the wind may
shift temporarily from its usual direction.

The second generalization, that clouds
lie at 2000 feet, is subject to greater in-
accuracies. As a generalization, however,
it is excellent. I kept notes on the lower
limit of cloud line on La Guadeloupe for
six weeks in August and September of
1961; never did the cloud line lie below
650 meters, and there were always at least
some clouds at 700 meters along the
mountain range. (The 2000-foot line is
between these two elevations.) In nine
vears of collecting in these islands, from
three to four months per vear, I never saw
cloud lines below 1300 fect, and some
clouds (even on the clearest days) were
always present below 3000 feet. The only
cloud formations of immediate concern are
those which bring rain: cumulus and strato-
cumulus. Cumulus is produced directly by
evaporation off the tropical Atlantic, and
strato-cumulus results from cumulus back-
ing up against a mountain range and
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Figure 1. The Lesser Antilles. Approximate bank barders are indicated; banks are named for their largest island (capital-
ized). The inset shows the pasition of the Lesser Antilles (black) relative to the other land areas of the Caribbean Basin.

(Fram various sources.)
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Figure 2. The three kinas of tirst cycle islands that affect

precipitotion by their land forms, and the general pattern

of cloud cover they induce (hotching). Compass direction

is indicated lower left, wind direction upper right. See text.

combining with water evaporated from the
land and vegetation.

The second cycle islands, Barbados and
St. Croix. arc nowhere sufficiently high to
stop or hold any quantity of clouds.
With the single exception of southwestern
Grande Terre, which lies close enough to
windward of La Guadeloupe to be well
watered lowland, all of these islands are
dry. They receive 35-75 inches of rain, on
the average, per year. The open ocean
receives 35-45 inches.  Rainfall data for
these areas may be found in U. S. Navy
Hydrographic Office Publication 22 (1963).

Some first cycle islands are sufficiently
high in elevation to receive great quantities
of rain. On the northern leeward coast of
Dominica, rainfall averages about 45 inches

per year; six miles inland, amid peaks rising
to nearly 5000 feet, from 350 to 450 inches
of rain fall per year (Beard, 1949; Hodge,
1954). The spectacular differences be-
tween localities  separated by short  dis-
tances in the first cycle islands, and their
implications for the flora, have been dis-
cussed by the authors cited immediately
above, as well as by Stehle in numerous
papers (see especially 1936). and Stoffers
(1956). Lazell (1962, 1964a) discussed the
implications of these changes for some
clements of the fauna.

Thus the initial, and major, causal factor
in rendering land areas wet or dry is cle-
vation. Beard (1949: 15) has mistaken the
secondary causal effects—those which re-
sult in wet lowlands—as proximity of the
mountains to the coast. As is evident from
Lazell (1964a), Stehle (1936), and reason,
the height and spacing of the mountain
peaks is far more important in producing
wet lowlands than is their relative distance
from the coast.

To clarity this, Figure 2 shows the three
sorts of mountain arrangements possible in
these islands.

“Snag” islands have a single high peak
(over 2000 feet) that catches a small bit of
cloud and is able to hold it, largely through
evaporation from the island; their lowlands
arc quite dry. Such islands are Saba, St.
Liustatius, and Nevis.

“Qverspill” islands have two or more
high peaks, or massifs, that are cither too
low or too separated to cffectively halt the
clouds in their southwestward traverse,
and therefore, for the most part, only slow
them down. In these cases the clouds are
usually  strung out to leeward of the
mountains; the leeward coast may be as
wet as the windward coast, or even wetter,
Examples of “overspill™ islands are St. Kitts,
Montserrat, St. Lucia, St. Vincent,
Grenada.

“Barrier” islands are those on which the
mountains arc sufficiently high and close
enough together so that they effectively
stop the clouds. Clouds, therefore, pile up

and



to windward., forming a wet region for
some distance, and rarely overlie the lee-
ward coastal arcas, which are, therefore,
exceedingly dry. The leeward slopes of
barrier island mountains are clothed in
rain forest to as low as 2000 feet; then an
abrupt shift to arid lowlands occurs. This
is explained by the fact that precipitation
is “whipped over” the peaks from the wind-
ward, as described by Geiger (1959). Ex-
amples of “barrier” islands are La Guade-
loupe, Dominica, and Martinique, the
largest and highest islands of the arc.

Of the banks of islands in the first evele,
only two, Redonda and Les 1les des Saintes
( both tiny ), are too low to have rain forest
or montance plant associations. All three
islands on the St. Kitts bank have them (all
of these islands are small in comparison
with La Guadeloupe, Domninica, or Mar-
tinique). Each of the remaining banks
contains a single island with rain forest.
The three largest islands, La Guadeloupe,
Dominica, and Martinique, have by tar the
most  extensive rain forest areas and the
greatest complexities of montanc plant
associations in the Lesser Antilles.

In attempting a synthesis of ecological
information, the political diversity of the
islands  has been a handicap. Stoffers
(1956) is my sole reference to land plant
ecology in the Dutch Islands. The French
Islands are perhaps the best known of the
entire chain. For information on general

distribution, zonation, and  succession,
Stehle (1936, 1937a, 1937h, and 1941)

provides accounts as detailed as could be
desired. Stehle’s (1945-46) attempt at a
svnthesis of plant ecology for all the
Caribbean islands is poor, owing to his
lack of information on those islands not
part of France; the map provided there is,
however, very uscful in ascertaining the
general  distribution of floral ccological
Z011CS.

Dominica has been treated exhaustively
with respect to floral zonation and succes-
sion by Hodge (1943, 1954), and taxonom-
ically by the Conservator of Forests,
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Trinidad and Tobago (1944), and Beard

(1949). All of the islands sonth of Mar-
tinique are  British, and the two  latter
references have  supplied  the  bulk  of

my information on them, augmented by
Sands (1912). tor ccological snccession,
and Grisebach (1864).

1 use the general term “rain forest” to
combine both “lower rain forest”™ and
“montanc rain forest” (sensu stricto) with
the three montanc formations represented
—montane thicket, palm brake, and elfin
woodland—all sensu Beard (1949). In Saba
and St. Fustatius the very depauperate and
tiny arcas of “rain forest” are an admixture
of all the types mentioned above except
lower rain forest. In St. Kitts, Nevis, and
Montserrat the floras are richer and zo-
nation more apparent; lower rain forest is.
however, absent from these islands, too.
St. Lucia, St. Vincent, and Grenada have
small arcas of lower rain forest; St. Vincent.
however, apparently lacks elfin woodland.

Ouly the “barrier” islands, La Guade-
loupe, Dominica, and Martinique, have all
tive associations well developed. In these
islands the highest peaks are often covered
by Clusia mangle, referred to as “caclin”:
this ncarly impenetrable tangle of large
trunks may form a continuous covering
over excecedingly broken terrain, and s
often deceptively  dangerous  to  travel
through. It might be best regarded as a
separate consociation, rather than as a
type of cltin woodland.

Exhaustive information has been avail-
able for the typical “overspill” island of
Grenada. This includes Knight (1960), G.
W. Smith (1961), and the manuscripts of
Cromwell (1960a, 1960b, 1961): the clearest
and most detailed pictures of ecolozy on
an  “overspill” island may  be scen in
Regional Research Centre of the British
Caribbean Publication 9 (1959). The com-
plex integration and blending of rainfall
distributions, land humidity, and  topo-
graphic reliet distort ecological zonation on
“overspill” islands fur beyond the relatively
simple picture presented by Hodge (1943
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1954) for Dominica, a typical barrier island.
The island of Martinique, largest in the
chain, is the most complex. It forms a
typical barrier in the north, but overspills
and has snags in the central and southern
regions; the extreme castern end of the
Presquile de la Caravelle and most of the
southeast extremity, Poite des Salines, are
so far removed from the rest of the land
mass, and so low in elevation, as to be cli-
matically similar to second cvele islands:
arid and xeric. Stehle (1937b, 1941) has
discussed this complexity from a  floral
viewpoint, and I will here give it further
consideration under Anolis roquet.

King (1962), after an excellent discus-
sion of waif dispersal (pp. 35-40) is guilty
of an over-generalization: that propagules
should be expected to infiltrate the Lesser
Antilles along the course ot the averaged
storm tracks: “1f the lizards are dispersing
southward in the Lesser Antilles, they are
being carried against the ocean currents,
against the prevailing winds, and against
the direction taken by cyclonic storms™ (p.
40). He conclndes that for the geckos of
the genus Sphacrodactylus, at least, it is
far more likely that they have come north
and west, from South America. It secms
clear, however, that the ninc species of
bimaculatus group Anolis must have come
south and cast from the Greater Antilles
(see below). The writer agrees with Dar-
lington (1938) that windstorms are of
major importance in transporting small
lizards, like Anolis. The answer to this
apparent dilemma is in avoiding a gener-
ality about storm tracks: averaging storm
tracks in the Caribbean is no more valid
or useful than averaging the direction of
long distance ‘phone calls leaving Boston;
it tells us nothing about the direction of a
particular storm  (or ‘phonc call) in the
past, and provides no predictive infor-
mation about the direction of any future
storm (or ‘phone call) that does not abso-
lutely require to be checked by empirical
observation. U. S. Navy Hyvdrographic

Office Publication 22 (1963) gives speed
and directional data for tropical storms
and hurricanes in the castern Caribbean
region; especial attention is called to figure
15 (p. 49) of that volume, which shows an
imdividual storm proceeding directly from
the eastern Greater Antilles into the north-
ern Lesser Antilles at 16 knots, as well as
numerous other storms not going in the
average direction.

Tannchill (1952), the anthority on the
subject of hurricanes, sums up (p. 55):
“Much has been written about average
storm tracks but they are of little value.
. . . While a large percentage of these
tracks are described as “parabolic,” there
are numerous exceptions.”  Average storm
tracks have no place in serious zoo-
geography.

Underwood (1962) provided a historical
essay on reptilian systemaltics of the Lesser
Antilles; he stated of Linnacus (p. 7) that
“he probably did not have any specimens
from any of the islands and presumably
knew nothing of their fauna.” That is not
quite true: Linnaeus (1758) described the
largest known Lesser Antillean snake, Con-
strictor c¢. orophias (sce Lazcll, 1964b),
although he did not know where it had
been  collected.  Also, he described  the
largest lizard, Tguana igunana, although he
knew merely that his specimen came from
“the Indies.” With that correction. the
nomenclatural history of Lesser Antillean
ignanid lizards may stand as amply re-
viewed by Underwood (1939, 1962).

The Lesser Antilles are a fascinating
chain of islands; to quote
(1938). perhaps their most sympathetic
chronicler, “within sail, and often within
sight, of each other are the colonies and

Vandercook

cultures of more nations than one may
find . . . so close together anywhere else

on carth. . Nowhere clse is so much
varicety so accessible” Tle also notes: “Men
of all nations drifted to the islands.” 1 did
mysclf. “They found peril, strangeness and
beauty—all they had come for.”




MATERIALS, METHODS, TERMS,
AND CONCEPTS

“‘When 1 use a word,” Tumpty replied, in a
scornful tome, ‘it means just what I choose it to
mean—nothing more nor less.” “The question is,
said Alice, ‘whether you can make a word mean
so many different things.” "The question is,” said
Humpty, ‘who is to be master, that’s all”

—Lewis Carroll ( 1866)

The present revision is based on the ex-
amination of about 10,000 specimens in the
following institutions: Museum of Com-
parative Zoology (MCZ), Muséum National
d'Histoire Naturelle, Paris (MNFIN) Albert
Schwartz Field Series (ASES): and my own
collection (JDL).* Of these specimens, 1
collected about S.000 between June, 1955
and April, 1966. With the exception of a
few collected in 1958, all specimens col-
lected were carcfully annotated in life with
respect to coloration, habits, habitat, and
general behavior, Field sketches, in color.
augment the catalogued notes. My field
catalogues  contain  information on the
lizards, snakes, frogs, and other animals of
the islands, as well as observations on their
plant life. topography, climate. and people.
The information relevant to particular spe-
cies or places is available on request,

COLLECTING

The best general description of herpe-
tological collecting technique is that of
Maver (1967); the wmethodology  there
depicted  corresponds to that frequently
used with Lesser Antillean iguanid lzards.
thongh some sophistications have proved
valuable.  In general, lizards are  best
caught with a noose. This method does not
normally damage the specimen in any way.
and delivers it live into the colleetor’s hand.
[ prefer, for Anolis and lizards of similar
size. a monofilament (fishing leader) noose
extending from the tip of a fiberglass,
threc-picce fishing pole. 1 prepare the
noose as follows: tie monofilament of 6-

* Now all deposited in the MCZ.
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to 153-pounds test weight in a hard square
knot on a wooden match stick; break the
match stick at the point of the knot, thus
freeing  the monofilament; cut off  the
monofilament about 1S inches from the
knot (and its now-present, small loop—
previously encircling the match stick), and
pass the cut end through the small loop;
masking-tape the monofilament to the pole
tip about onc inch from the noose now
formed. after closing the noose to a suit-
able size; spiral the monofilament down
the pole and tape it again: tving it to the
pole after the second taping is a good idea.
A noose carefully made in this inanner may
catch 300 lizards. Catching a lizard is
simplicity itself: place noose around lizard’s
neck and pull. Anvbody can catch a lizard.
and in the West Indies, at one time in life
or another, almost evervbody does. It is
catching the particular lizard vou want
that mayv be difficult. Iigh up on a sod-
den. windy peak, with a thunderstorm
visibly and rapidly approaching to wind-
ward, a magnificent specimen of some
montane rain forest form, squirrelling far-
ther and farther out on the caclin trunks
over a great abyss, can lead to intemper-
ance in a man. I have shot my share of
lizards.

Locality Data

I have tried to keep my locality data on
specimens as vernacular as is consistent
with some readily available map. Translat-
ing the English place names nsed on Saba.
St. Eustatius, or St. Martin into Dutch.
merely because the islands belong to the
Netherlands, is sheer affectation: no one
there speaks Dutch under normal circum-
stances. The Lesser Antilles boast a pleth-
ora of Mornes Rouges, Marigots. St. John's,
and Green Islands; whenever collecting at
one of these localities [ have been careful
to specify which, even if 1 had to improve
on the map in so doing. Thus. “Morne
Rouge (du Nord). La Guadeloupe™ de-
limits which of the tsvo places on the island
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is meant, cven though the parenthetic
statement is my own addition. Small islands
tend to have simple, rather charming place
names: it might be uncomfortable to spend
a night on sandy ground, but at Sandy
Ground (Anguilla) things aren’t so bad.
You can casily go from The Level to The
Bottom (on Saba), and Behind the Moun-
tain is precise, not relative (on St. Lusta-
tius). Malendure (La Guadeloupe) and
Porte d’Enfer (Grande Terre) speak for
themselves. A number of the Grenadines
have already become well known in orni-
thology as great nesting cays: the Battowi’
Bullet, All-a-Wash, and Kick-em-Jenny.
The spelling of other Grenadine names has
been a problem for me. The terminal “a”
in Bequia and Battowia is not pronounced,
but all the maps retain it, so I have, too,
in catalogue entries. Many of the cays have
names now much modified from their
original French: Tle-a-Quatre of some maps
is just called “Cot” by people in the Grena-
dines; I have compromised at “Quatre.”
Petite Tobago is called “Pattv Taback,”
and “Petite” is always called “Patty” there:
[ have retained French spellings for lack
of a real altermative. In the casc of the
[le-a-Ronde, the Ile-a-Caille, and  some
others, I have improved on the map; their
mapped names arce usually given as Isle
Ronde or Isle-o-Ronde, but those are
neither French, English, or the way the
names arc said: I have deemed Isle-a-
Ronde, Isle-a-Caille, cte., as colloquially ac-
ceptable spellings, since they tulfill at least
the last criterion. Many people deplore the
usc of St. Kitts for St. Christophier and St.
Barts for St. Bartelemy, but those older,
cumbersome, official names are simply
colloquially incorrect: they are not even
uscd on official documents. T may, per-
haps, be taken to task at this point for
insisting on La Guadeloupe for the island
so often called “Basse Terre”; in this case,
however, the official namne is preferred
because it eliminates confusion between
the island (La Guadeloupe) and the capi-
tol city (Basse Terre), and calling a spec-

tacularly mountainous island “Basse Terre”
strikes me as inappropriate.

Elevations and distances are given in the
relevant local system: feet and miles on
American and British islands, meters and
kilometers on French and Dutch. T prefer
the metric system, but consistency must
here be sacrificed to sanity: giving cle-
vations in meters for Dominica would
hardly be useful; no map of the island uses
them. For those not fully accustomed to
thinking in both systems, this work may
provide valuable practice.

The two best general maps of the Lesser
Antilles are U. S. Navy Hydrographic Of-
fice (USNHO) 5487 and the National Geo-
graphic Society map of the West Indies
issued in March, 1954 (and not to be
confused with the abomination published
by the same Society in December, 1962,
as Atlas Plate 23). The Sombrero Bank
is included in USNHO 1834, and the Aves
Bank in USNIIO 1011. For St. Croix I
recommend U. S. Geological Survey MR
6549, 2445, and 5306. For the Anguilla
Bank use the following: Directorate of
Overseas  Surveys  (DOS) 343 (Series
ES458), Sheet 1 (Anguilla and Cays),
Netherlands Antilles Cadastrial Survey De-
partment (CSD) Topografische Kaart St.
Maarten (St. Martin and Cays), and
L'Institut Géographique National (IGN)
No. 36, 1952 (St. Barts and Cays). For
Saba the best map is CSD Topografische
Kaart Saba. The St Kitts Bank is ex-
cellently covered by CSD Topografische
Kaart St. Eustatius, and DOS 343 (Series
ES48), Sheets 2 and 3, for St. Kitts and
Nevis. IFor the remaining banks T list
my preferences: Antigua Bank: U. S, Army
Map Service E741 (Antigua and Cays),
and the locally available British Survey
Map (1848) of Barbuda; Montserrat
Bank and Redonda Bank: DOS 339
(Series 15803); Guadeloupe Bank, Marie
Galante Bank, and Saintes Bank: IGN
Guadeloupe (1958); Dominica Bank: DOS
451 (Series E703); Martinique Bank: ICN
Martinique (1957); St. Lucia Bank: DOS



345 (Series ES49): St. Vincent Bank: DOS
417 (Series E743); Grenada Bank: USNIHO
1640, 1316, and DOS 342 (Series ES44);
Barbados Bank: DOS 418 (Secries 1749).

Preservation

Iguanid lizards should be fixed in strong
(85-95 per cent) ethanol; methanol or iso-
propanol may be used as substitutes, but
ethanol. in the common form of “cask
rhum” is locally available almost cvery-
where.  Formalin is very destructive to
these specimens (Williams, 1962a: 433):
I cannot repeat the facts too strongly:
tormalin usually alters the colors and pat-
terns of these lizards to a dark, muddy con-
dition unlike anything the animal was able
to do itself; formaldehvde in solution
(formalin) tends to go to formic acid
(Lillie, 1954) and actually breaks down
the epidermal (and other) structures: the
scales become mealy and crumble away:
bones decalcify and etch. The alcohols are
far from perfeet preservatives, and colors
do. of course, fade; greens tend to become
blue, reds tend to yellow, and vellow itself
may completely disappear. The basic pat-
tern, however, is usually very well pre-
served, at least in ethanol.

Specimens should be fixed in a flat
tray, bodies straight, toes separated. tails
brought parallel to the bodies. Specimens
prepared in this manner are readily mea-
sured and examined.

Measurements and Meristics

The length of a lizard is measured from
the tip of the snout to the anterior edge of
the vent (= cloaca); it is vital to measure
this length “over the curves” of the ventral
surface: a straight line distance will be
dependent on the position in which the
animal was fixed.

Relative head width may be measured
by numerous indices: I have used the dis-
tance across the supraorbitals at the nar-
rowest point, as measured with vernier
calipers, and divided this into the standard
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distance (see below). There are important
differences and  distinetions among many
Lesser Antillean  Anolis with respeet to
scale size: some method of quantifving
scale size, therefore, requires codification.
My preferred method has been the “stan-
dard distance count.”

The standard distance is the straight line
distance from the center of the eve to the
tip of the snout. It is measured with vernier
calipers accurate to a tenth of a millimeter.
The accuracy of the calipers exceeds the
possible accuracy of the measurer, for
several reasons:  the center of the eve
(functionally, the center of the pupil) is in
practice located visually, not quantitatively;
the position of the animal’s eve at time of
fixation may alfect the location of the
center: the tip of the snout ( premaxillaries)
is clothed by layers of soft tissues, that,
though shallow, may vield variably to the
pressure of the caliper point at ditferent

times or for different measurers. Standard
distance  measurements  and  middorsal
counts were made on several hundred

specimens of Anolis wattsi in March and
April. 1966. In August, 1966. 1 repeated
measurements and counts on one hundred
randomly selected individuals of this spe-
cies  without consulting  previous  data.
When I compared the August data with
the original. 1 found that myv standard
distance measurements were off as much
as 0.2 mm (or about two per cent) in a
few cases, but that every scale count was
identical to that originally made. This is
less remarkable, perhaps, than it scems, for
Anolis 1cattsi have large, neatly aligned
middorsal scales, and miscounts are hard
to make. During June and July, 1966. I
made counts of the middorsals contained in
the standard distance at midbody on about
1,000 Anolis marmoratus. NMost of these
had been examined in 1962 and 1963, prior
to publication of my work on the races of
this species ( Lazell, 1964a): some had been
collected subsequently. While making the
1966 counts. I recounted dorsals contained
in the standard distance on 200 specimens



12 Bulletin: Muscwmn of Comparative Zoology, Vol. 143, No. 1

TABLE [. A TABLE OF SHRINKAGE TIMES AND PFRCENTAGES FOR SOME LESSER ANTILLEAN ANOLIS
SPECINENS FIXED AND STORED IN ETHANOL. SEE TEXT.

| p— - = - Sll('llt- — o 75]]“\;'.—7 ‘Tix“e——_

Date vent Date vent Lapse Per Cent

Species Specimen 1 (mm) 2 (mm) (Months) Shrinkage
OCULATUS JDL 260 24.11.66 90 3.vi1.66 87 4 3.3
MARMORATUS IDL 282 28.1ii.66 85 13.vii .66 82 4.5 315
BIMACULATUS JDL 230 15.ii.66 114 29.vi .66 110 1.5 3.5
CRISEUS MCZ 82926 4.vi.64 135 1.vii.66 127 26 5.9
MARMORATUS MCZ 71068 14ix.61 80 1.viii.66 73 58.5 8.8
MARMORATUS MZC 70769 11Lix.61 119 1.viii.66 102 58.5 15.5
BIMACULATUS MCZ 75779 6.v.63 122 20. iii .65 113 22.5 7.4

included in the 1962-63 data (as well as  scales and small middorsals with some

on all fresh material). When T compared
this new data to the original data, T found
nowhere an error of more than five per
cent; it must be remembered that dorsal
scales are always much smaller than mid-
dorsals, and are not longitudinally aligned.
I believe these examples demonstrate the
repeatability of the method.

Of course, there are a large number of
other methods for quantifying scale size
that could be used. In the course of mak-
mmg standard distance counts on Anolis
richardi and its close relative, A. griseus,
I found a strong average difference: A.
¢riscus had lower counts ( = larger scales).
When T caleulated standard  distance  as
per cent of snout-vent length, T discovered
that griseus also had, on the average, a
longer snout. What had scemed to be an
average difference might be a sharp dis-
tinction, but for the proportional difference
between the two forms. I therefore counted
middorsals contained in ten per cent of the
snout-vent length at midbody, and did find
a distinction between the forms.

The scales of Anolis, in particular, are
quite small, and may vary in size consider-
ably on different parts of the body; around-
the-body counts of ca. 250 may be obtained
from species that are obviously distinct in
various aspects of scale size: large mid-
dorsals may be combined with small ven-
trals in one species, the reverse true of
another. Similarly, longitudinal counts will
confound some forms with large nape

other form that has large middorsals but
undistinguished nape scales. It is, there-
fore, imperative that, whatever standard
one uses, the distance in which scales are
counted be short, or the quantification may
be meaningless.

Shrinkage affects all preserved speci-
mens. In Table 1 shrinkage is tabulated
for a number of specimens that, because
of their large size, were measured when
fresh dead Dby the method of merely
stretching them out on a page of my field
catalogue and marking the positions of
snout and vent; the distance between marks
an then  be measured anytime  sub-
scquently, Naturally, shrinkage will affect
scale counts; T have not, however, had it
do so to the extent that identification was
compromised: even a 16 per cent shrink-
age will atfect a dorsal count a maximum
of five scales, which will not put the aver-
age specimen outside the normal range of
variation (Lazell, 1964a: 390). It is to be
expected that if all fresh-dead, mpreserved
specimens were used, the counts T give for
fixed specimens would be  consistently
high: the head (and standard distance)
presumably  shrinks less than the body,
owing to the relative rigidity of the skull.

Maturity

Sexual maturity is casily determined for
female Anolis merely by the presence or
absence of eggs in the oviducts; of course,
some mature specimens may lack an egg,



but it is certain that no immature speci-
men will have one. NMale Anolis are more
difficult to assess; in most bimaculatus-
group species, the testes appear much
larger in larger specimens and show clear
internal development as a reticulate pat-
tern on the surface: specimens with these
features are regarded as mature. In some
roquet-group Anolis (especially A, ariseus
and A. richardi) even the tiniest males may
have large, reticulated testes: because all
of these specimens have been fixed in such
a way as to preclude good histological
assavs, I have. therefore. resorted to a
subjective assessment based on the ap-
pearance of the testes, development of the
hemipenes and throat fan, and general ap-
pearance of the individual,

Population

As the term is generally used (e.g.
Slobodkin, 1963; Mayr. 1963; cte.) it is
ambiguous. This ambiguity is useful and
intentional. At its lowest level a population
is what is called a “deme™—"the com-
munity of potentially interbreeding in-
dividuals at a given locality”™ (Mavr. 1963:
136): this is the panmictic unit. As well, a
“population” may be used for a group of
demes mnot taxonomically  different  from
cach other, like the population of Bothrops
lanceolatus on Martinique. For the purpose
of this paper, the term will never be used
for a collection of more than one taxon.
The term may thus mean anything from
the deme to the species, but implies that
all members of the population in question

could interbreed. granted the obvious
stipulations given by Mayr.

Form

This term is likewise intentionally

ambiguous and is used, for example, by
Smith and Tayvlor (1945) or Underwood
and Williams (1959) to mean a taxon at
the species group level: a species or a
subspecies.  Infrasubspecific  assemblages
(e. g.. morphs, taxonomically indistinguish-
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able populations, ete.) are not referred to
as forms. Similarly. a “group”™ is a collec-
tion of similar, presumably closely related,
forms, as used by the authors cited im-
mediately above.

“Ditferent” versus “Distinct”

All populations of West Indian reptiles
exhibit differences from other populations.
These differences may  be minor, even
statistically insignificant. or they may serve
to distinguish all members of one popu-
lation from all members of other popula-
tions. In the latter case. where no
individuals of one population can be con-
fused with individuals of other populations,
the animals in question have reached that
level of ditference that constitutes being
distinct.  Populations that differ on aver-
ages. but where some individuals are
equivocal in characteristics, are simply
not distinct.

Similarity and Relationship

These two terms have caused great prac-
tical and philosophical difficulties in biol-
ogy, but have virtually escaped notice as
the causal agents of these difficulties by
remaining etvmologically buried in the vast
poundage of printed matter that has ac-
crued from essentially semantic arguments.
Let us consider first of all “similarity.” No
organism (or anvthing else) possesses any
similarity: a robin has eves, wings, legs.
feathers. hacmoglobins, esterases, and so
on, but it has no similarity. You can not
weigh, measure, count, or in any other way
quantify similarity.  Similarity is an ab-
stract. comparative concept that exists only
in the mind of the observer (and, obviously.
then only when the observer compares two
or more objects or quantities). Mayr. Lins-
lev. and Usinger (1953) go to great lengths
to aid the systematist in quantifying “simi-
larity,” but they never sueceed in this im-
possible task. What has been quantitied
are characteristics (real ones, that an orga-
nism actually has), and similarity has then
been inferred.
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Consider a hypothetical case involving
three groups of organisms, A, B, and C.
The members of each group possess a
meristic character, N, which, let us say, is
the number of scales between the nares.
It is found by one investigator that the
values for N are consistently A =1,
B=4 and C=235; the inference that B
and C are more similar to each other than
either is to A is immediate (with respect
to the character N only, of course). Sub-
sequently, however, another ivestigator
discovers that A and C belong to a single.
polymorphic species and that the counts of
1 and 5, respectively, for these morphs are
controlled by a single pair of alleles, one
of which displays complete dominance;
there are no intermediates, all specimens of
this species are either A morph or C morph.
This same investigator discovers that B,
on the other hand, is a distinet species, and
that the count of 4 is polygenic in origin,
and that the pleiotropic effects of the genes
involved are of such great adaptive value
that the character N (which counts as 4)
is quite mvariable. From the viewpoint of
the second investigator, who considers
quantity of genetic material involved, the
loci of the genes, and the adaptive sig-
nificance of N, the similarity of A and C
(1 and 5) is vastly greater than that of
cither of them to B (4) with respect to
character N.

The example is, of course, hypothetical
and simplified. As a real example. is the
dorsal stripe of a striped-morph California
kingsnake  (Lampropeltis) really  “more
similar”™ to the stripe of a ribbon snake
(Thamnophis) than it is to blotches of its
litter-mate  kingsnake? A stripe is ob-
viously more similar to stripe, one might
say, than it is to a bunch of spots; but what
it it is considered (still as a stripe) from
a point of view other than color and
position on the body? From the point of
view of the genetic material that produced
it, or its adaptive significance in the en-
vironment?

The point T have tried to make about

“similarity” applies with equal force to that
other abstract, comparative concept that
also cxists only in the mind of the ob-
server:  “relationship.”  This concept s
even more difficult, however, because not
even a systematic biologist can ever be
quite certain just what it is that he means
by it. Do we mean “propinquity of com-
mon ancestry?” If so, then the crocodilians
must be regarded as more closely related
to birds than they are to squamate reptiles:
crocodilians and birds are the living mem-
bers of the once great thecodont radiation,
while squamates branched off the reptilian
stock at an altogether different time and
place; erocodilians and birds have a closer
common ancestor, in time, than either has
with the squamates. Propinquity of com-
mon ancestry is certainly a perfectly valid
indication of relationship, but it does not
cause us to group the crocodiles with the
birds, and scparate them from other rep-
tiles. Is relationship “morphological simi-
larity?” f so, then our placement of the
crocodiles in the Reptilia appears justified,
for we infer on the basis of many char-
acteristics  that  crocodilians  are  more
similar to other reptiles than they are to
birds. We infer further that morphological
similarities imply genetie similarities, and
these also are a valid indication of relation-
ship. In the future we may infer genetic
similarities directly for many groups, but
as yet we are able to do so only within a
few small groups, such as the genus
Drosophila, and  then  only  partially.
Ethology, physiology, and ecology also pro-
vide food for inference of relationship, but
note that the phylogenetic taxonomist in-
creasingly selects those sorts of relationship
he regards as valuable, and discards others;
no phylogenetic taxonomist, for example,
allows himself to believe that the dietary
correspondence of crocodilians to  sharks
implics a relevant propinquity of common
ancestry or a relevant quantity of genetic
material in common. This sclection of
characteristics, or, properly, narrowing of
viewpoint, is the process of character



“weighting”  This  process  introduces  a
whole new dimension of subjectivity into
phvlogenetic taxonomy, and only further
emphasizes the fact that similarity and re-
lationship arc assessments of the observer,
not things with an objective reality of their
own.

The relationships of taxa at higher cate-
gorical levels (above the species level)
must alwavs be inferred on the basis of
similarity (or ditference); there exist no
other possible lines of evidence. This s,
then. a process of compound inference:
similarity is inferred on the basis of objec-
tive facts; relationship is inferred on the
basis of similaritv. It has been repeatedly
shown, lLiowever, that in the categories
species and subspecies (the only defined
-ategories) the inferred similarities are not
invariably a valid basis for the inference
of relationship. (Examples relevant  to
Lesser Antillean iguanid lizards are cited in
Lazell, 1964a.) This unfortunate fact leads
directly to the problem of how we go about
ranking indisputably real taxa in the cate-
gories of species and subspecies.  As a
solution to the problem, I recommend using
definitions of the categories that are both
practically applicable and  theoretically
sound.

Species

The definition here used is that of Simp-
son (1961): “An evolutionary species is a
lincage (ancestral-descendant sequence of
populations)  evolving  separately  from
others and with its own unitary evolution-
ary role and tendencies.”

The following assumptions are corollary
to the concept of evolutionary species:

1. Evolutionary role is both expressed in
and controlled by the characteristies of the
organisms in question. That is, the char-
acteristics of a population of organisms are
to some extent a function of its evolution-
ary role, and its evolutionary role is to a
complementary extent a function of its
characteristics.  This means that, while
natural selection may alter the evolutionary
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role of a population (and thus alter its
characteristics ), the characteristics at any
given time A direetly specity the range of
possibilities for natural selection to have
modified by time B.

2. "Unity” is here taken to mean hound
into an overall oneness—even it diversity
exists within it—hy progressive alterations
in particular characters acted on by evo-
lutionary processes, in such a way that
continuity cxists between the extremes of
diversity, if the steps of a set of stairs may
be said to exhibit continuity (they certainly
may be said to exhibit unity).

3. Populations, but not individuals, may
possess evolutionary roles.

The “biological” species concept of Mayr
(e. g., 1942) is not applicable—cither logi-
cally or practically—to the problem  of
classifving insular forms. It is certainly true
that the finest possible evidence for evo-
lutionary unity is interbreeding in nature;
however, we cannot observe it, and it may
not occur, between isolated. insular popu-
lations of the same species: other criteria
must be used, and the concept of evolution-
ary role provides them (see Subspecies,
below). Further, the fact that members
of two scparate species may, and some-
times do, interbreed and produce fertile
offspring has one overwhelming taxonomic
implication: neither actual nor potential
interbreeding can be logically used as the
sole criterion of conspecificity.

Subspecies

A subspecies is a population or gronp of
populations occupying a part of the overall
range of a species, that combines diagnostic
consistency with geographic continuity. It
is united to the other subspecies within the
species in one of three ways: (1) actual
intergradation (gene flow), (2) character
clines through a series of isolated forms, or
(3) tenable evidence that the differences
between two isolates are the result of a
founder effect in which one isolate appears
to be dircetly derived from the other. (For
details sce Lazell. 1964a and. especially for
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geographically isolated forms, 1964b.) In
many respects [ agree with Wilson and
Brown (19533): [ do not recognize poly-
topic “subspecies” or subspecies in animals
whose  geographic variation is otherwise
largely discordant; T do not recognize
subspecies in cases where the zone of
intergradation is large compared to the
subspecies range (gradual clines); T do
not recognize isolates that ditfer on aver-
ages, but are not distinct, as subspecies
unless more than 75 per cent of the in-
dividuals involved can be identified cor-
rectly without recourse to locality data:
finally, I do not consider distinct isolates
to be subspecies of the same species unless
it can be plausibly argued that they show
a collectively unitary, or continuous, evo-
lutionary role (i.e., comparative similarity
is not sufficient evidence). Also, I do not
consider a monotypic species to be a spe-
cies with only one subspecies, but, rather,
to be a species with no subspecies what-
ever: a subspecies is a special sort of
geographical variant of which the mono-
typic speeies simply has no examples.

Many people take exception to these
qualifications for subspecies. For example,
Mayr (1963) defends polytopic  “sub-
species” on the grounds that they too have
a geographic range. Polytopy is a case
where animals having characters in com-
mon are not continuously distributed, but
rather separated from each other by con-
specific individuals that have different
characters: so, however, are morphs, color
phases, and the like. In reptiles, at least, it
is usually easy to explain polytopy in terms
of the independent development, in several
separated populations of a species, of
similar characters in responsc to some
similar ecological condition; the resultant
aroup of similar populations is convergent
and polyphyletic with respect to the char-
acters that they have in common. (For a
discussion of what constitutes “monophy-
letic,” as opposed to “polvphyletic,” see
Simpson, 1961.)

The subspecies concept is extremely use-

ful in some cases of geographic variation,
when large segments of a species conform
in characteristics and geographie range. In
other cases, however, the subspecific names
may be far more confusing than useful. A
great deal of geographic variation, some of
it even spectacular in degree, simply does
not produce the sort of pattern usefully
regarded as subspeciation.

Sympatry, Dichopatry, and Parapatry

There are three possible geographic situ-
ations that may obtain between taxa: they
may occur together in the same geographic
area (sympatry), they may be separated
from cach other by a gap occupied by
neither (dichopatry), or they may border
on cach other without either a gap or an
overlap (parapatry). Examples of sym-
patry are obvious, and do not require re-
counting here. Similarly, dichopatric forms
are common; c. g., forms confined respec-
tively to islands separated by water in-
habited by neither. Parapatric forms are
exemplified by actually intergrading sub-
species that abut along a zone of inter-
gradation or hybrid belt; in some cases it
is at least possible that full species may be
parapatric, though usually only on a very
temporary basis. In the use of these terms
I follow H. M. Smith (1965), though “para-
patric” was initially coined, as here defined,
by Smith (1955). The adoption of the
term “dichopatric™ I regard as an unfortu-
nate necessity. The older term, “allopatrie,”
since it includes two very ditferent biologi-
cal situations, is no longer useful.

Clines

Strictly speaking, a cline is any scquential
change in a condition or characteristic. In
dealing with gcographic variation in ter-
restrial  vertebrates, it is useful to dis-
tinguish a variety of kinds of clines that
may appear in the characters of the ani-
mals. When a given character changes
sequentially in a particular direction over
all or most of the geographic range of a



taxon, it is regarded as a gradual cline.
When the geographic arca in which se-
quential ehange in a given character takes
place is small compared to the arcas in
which no such sequential change  takes
place, the situation may be referred to as
a stepped cline.

Previously (Lazell, 1964a) T used the
term “stepped eline” for a situation where
isolated, or dichopatric populations showed
sequential change in one or more characters
in such a way that the second population
was intermediate in characters between
the first and third, the third intermediate
in characters between  the second  and
fourth, and so on. This should properly be
regarded as a dichopatric stepped cline, so
as to differentiate it from the situation ob-
taining when two taxa abut along a stepped
cline and animals of intermediate char-
acters fill the gap. In the case of two taxa
abutting along a stepped cline the bio-
logical situation is quite different (contact)
than in the dichopatric stepped cline (no
contact), and this situation should be re-
terred to as a parapatric stepped cline.

Levins (1962, 1963) provides a very
arefully worked out model for conditions
that could lcad to parapatric stepped clines
without a blatantly ostensible ecological
eorrespondence.  Although the details of
his model are too complex to discuss here
(espeeially sinec no case of this scems to
occur in the Lesser Antillean iguanids),
they should be carefully considered when
analyzing the ctiology of stepped clines in,
for example, widespread continental spe-
cies.

Concordance and Discordance

As ean be seen {from the preecding com-
ments. geographic variation of the stepped
cline sort tends to produce a pattern where
large areas of the animals” range show
homogeneity of eharacters, and compar-
atively small arcas show scquential change.
Of course, it is possible that animals that
display stepped clines in a number of dif-
ferent characters might have their elines
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so arranged geographically that the ma-
jority of the entire range was part of some
cline or another. Such a case would be one
of striking discordance in geographic vari-
ation, but (probably owing to the ccologi-
cal basis of many stepped clines) T know
of no such case in terrestrial vertebrates.
When several stepped clines oceur, they
usunally are more or less superimposed, or
completely isolated from cach other. Fre-
quently, this pattern leaves large areas of
homogeneity  between  the small  border
zones of sequential change, and  permits
the useful recognition of subspecies (pro-
viding the differences in characters are
sufficiently great between animals in the
areas of homogeneity ).

Highton (1962) described just such a
case of compounded stepped clines in the
geographic variation of the North American
salamander Plethodon jordani. Because he
synonymized the subspecies in this case,
one is left to assume that he regarded geo-
graphic variation in P. jordani as what he
referred to as “nonconcordant™; the term
“nonconcordant”™ does not appear in the
English dictionaries available to me, but
by tracing the stepped clines in each
character onto transparent maps, and then
superimposing the maps, one sces that the
range of P. jordani is really divided into
large arcas oceupied by diagnostically
homogencous populations, with rather nar-
row zones of sequential change, in one or
sometimes  several  characters,  between
them. This pattern is concordant.

[ can ounly terpret Iightons synony-
mization of the apparently well-defined
subspecics of P. jordani as resting on a
belief that “concordance” requires that
every character change at every point that
any changes. This is to say that every

subspecies must differ from every other
subspecies in every  character that any
subspecies  differs from any other sub-

species.  Such a viewpoint is implicit, to
some degree, in the argument advanced
by Wilson and Brown (1933). Inger
(1961), however. has pointed out the
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logical fallacy of such a viewpoint; to make
this requirement strikes at the very heart of
animal classification, for animals need to
be, and in fact almost always are, classitied
as much on the basis of their characters in
common with related animals as on the
basis of their differences and distinctions
from their relatives.

When more than one gradual cline
occurs in the geographic variation of a
species, and where one cline runs in a
different direction from one or more others,
discordance results.  Edgren (1961) pro-
vides a magnificent example of just such a
situation in the North American snake
Heterodon platyrliinos.  Examples of this
may be fairly common, for the sclection
pressures resulting in gradual clines are
clearly not very strong in any particular,
confined portion of the species range, and
ccologically based, weak selection pressures
(like average temperature or humidity in
the castern United States) may themselves
vary in ways directionally unrelated to
each other.

In the cases of parapatric (actually
intergrading)  subspecies in the  Lesser
Antilles, the shift from one form to another
is always clinal. Tt has been my policy to
include within each subspecies only those
populations in which T could find no inter-
mediate individuals, or evidence of any
intergradation. If T adopted the policy of
Underwood and Williams (1959), and as-
signed populations to subspecies on “the
balance of characters,” the ranges of the
various subspecies would be considerably
larger and the zones of intergradation cor-
respondingly Such a policy,
however, compromises the integrity of
what is, by intention, a presentation of the
actual biological situation, and has not
been followed.

Hnarrower.

Synonymies

The synonymies provided here are as
complete as T can make them in the sense
that [ have located every available name 1

could, and cited it and its author; the
references, of course, are cited in the
bibliography at the end of the work. These
synonymics are not “complete” in the clas-
sical sense that every usage of every name,
and every combination of available names
ever emploved, is cited.  Underwood
(1959) and the lists of Barbour (1930a,
1930b, 1935, and 1937) will provide amuse-
ment for those intrigued by all the various
combinations of names that are possible.

Keys

The keys given below have been ideal-
istically conceived; they nowhere utilize
references to the geographic provenance of
specimens, or any characters discernible in
only one sex, or onc stage in lite. They
attempt to provide, by the standard series
of alternative choices, a means of identify-
ing species belonging to extremely close-
knit groups. Further, in framing the keys
I have attempted as far as possible to steer
clear of color characters. Anolis colors fade
in all preservatives known to date, even if
they are mnot completely amnihilated; in
some cases I have been forced to resort to
them, but they are of a sort that most pre-
served specimens should still show. As-
suredly, the Anolis would (and do) identify
each other on the basis of color: all of
them differ sharply from cach other both in
hues and patterns. Certainly, the biology
of interspecics relationships does not de-
pend on the correct assessment of the
posterodorsal terminus of the prenasal with
respect to the naris, or the correct counting
of the number of midventrals in the stan-
dard distance, by living lizards in the field.
In addition. such characters as throat fan
size (notable in males only) or the manner
in which sexual dimorphisim is expressed
(scales, or size, or color) are of major
evolutionary  and  biological  importance,
but they are disbarred here on the grounds
that the user of the key may not have both
sexes in hand. TLastly, even seemingly
insignificant damage to specimens, such as



nosc rubbing so common in captives, or
twisting in preservative, may render some
of the characters undeterminable.

These keys will not aways work. Fortu-
nately, perhaps, they do seem to work best
when separating geographically proximate
species. As an example, the shape ot the
prenasal scale, which neatly separates all
races of A, oculatus collectively from all
races of its closest neighbor, A, marmoratus,
collectively, can be  confusing in  geo-
araphically distant forms like A, acutus and
A wattsi, simply because the sutures in
the prenasal area may be incomplete; 1 can
only recommend that every lizard has two
sides: if the character fits neither descrip-
tion in a couplet on one side of the animal,
try the other side before giving up. Some
old specimens were twisted so cffectively
by their original bottlers that the ear open-
ing on one side may be stretched all out of
original shape; on the other side it may be
nearly squashed shut. 1 recommend that
the height ‘width ratios of both sides be
averaged.

Keys are not provided for subspecies,
but the diagnoses written for them are
directly comparable within the particular
species in question; that is, within a par-
ticular, polytvpic species I cite, in the
diagnosis of cach subspecies, the condition
of cach character that is diagnostic of any
subspecies of that species. The subspecies
diagnosis, therefore. gives the condition of
all identifying features within the species,
even if not a unique character of the sub-
species in - question:; this makes identifi-
cation merely a matter of finding the
particular description (= diagnosis) that
tits.

SYSTEMATICS

Anolis must be known intimately—anatomically,
ecologically, ethologically—in all its relationships
within and between species, if the many puzzles
the genus poses are to be solved.

1. E. Williams (1959)

A plethora of Anolis forms inhabits the
Lesser Antilles; many are very geographi-
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cally restricted, but all are abundant where
found.  There are tiny, geckolike  rock
anoles: medinm-sized anoles ol generalized
habits and ubiquitous habitat; brilliantly
colored lorms of the dense jungles that
rival birds in hues: dull, somber forms
ideally camouflaged on a dung hill; and
there are grand giants. The standard cri-
terion for what constitutes a “giant™ anole
has usually been the existence of individu-
als exceeding 100 mm snout-vent length.
This is an arbitrary criterion, but in the
Lesser Antilles, it scems to provide a dis-
tinction that is almost uncanny. Thus, in
the forms named bimaculatus, leachi, fer-
reus, griseus, and richardi, the populations
seem composed of two size classes: females
and juveniles below about SO mm in aver-
age snout-vent length, and old adult males
exceeding 100 mm snout-vent length. This
existence of a distinetly  bimodal  distri-
bution of sizes was what led Etheridge
(1964) to postulate the existence of three
species in the late Pleistocene of Barbuda:
the smallest class was apparently A, wattsi
forvesti, the two larger classes represented
female and juvenile leachi and old adult
male leachi, separated by an apparent gap.
This bimodal size distribution i species
where some individuals exceed 100 mm
snout-vent is probably explained by a com-
bination of two factors: (1) a strong sexual
dimorphism with respect to size, and (2)
predators.

The first factor is quite apparent in
bimaculatus and leacli, but less so in the
others—i. e., in most of the “giant” forms
occasional females get large, thus demon-
strating the potentiality for large size in
both sexes (females mever get quite as
large as males, of course).

With respect to the second factor, Falco
sparcerius is the most commonly observed
predator on Lesser Antillean anoles. South
of St. Lucia the effect of this bird may be
somewhat usurped by the common snake,
Mastigodryas boddaerti: sparrow hawks are
not so common in St. Vincent, the Grena-

dines, or Grenada as clsewhere. Inany
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-ase, neither the falcon nor the snake is
large enough to tackle very large anoles,
and thus, onee over a certain size, an in-
dividual anole may be relatively free from
predation. This supposition agrees with
the observation that some forms (A. luciae,
A. roquet, A. extremus, A. nubilus, A.
oculatus, and some of the A. marmoratus
races other than ferreus) that exceed 80
mm but not 100 mm snout-vent, fail to
show a striking bimodality with respect to
size.

It would appear then, that once an anole
got bevond the ca. 100 mm snout-vent
threshold it would be quite likely to sur-
vive for a long time; contrarily, individuals
approaching the 100 mm mark might be
more prone to predation (big enough to
be obvious, but still small enough for
predators to cope with). Therefore, in
species where there exists individual poten-
tiality for size exceeding 100 mm snout-
vent, there scem to be many more in-
dividuals, at a given time, beyond that
mark than there are immediately (S0-99
mm ) below it.

The 100 mm standard for the eclass of
“giant” anoles may thus have some real
biological significance in Lesser Antillean
torms, and may be less arbitrary as a
measure than has been previously thought.

Underwood  (1939) recognized  three
groups of Lesser Antillean Anolis: the
bimaculatus group, the roquet group, and
the wattsi group. Etheridge (1959) put
wattsi into his bimaculatus series, and put
the entire roquet group in with their close
South American relatives of his latifrons
series. That arrangement agrees with sub-
sequent work done by Gorman and Atkins
(1968a and b, and papers therein cited)
on chromosomes, Gorman and Dessauer
(1966) on blood proteins, and Gorman
(196S) on behavior. The Etheridge ar-
rangement is the one followed here. None
of the scale characters cited by Underwood
(1959) as separating his groups holds up
when large numbers of specimens are con-
sidered, and T find no others that will

separate the bimaculatus and roquet groups
as entities. This is inconvenient, perhaps,
for the museum curator, but not really a
serious problem. Members of the roquet
group of Anolis do not look like those of
the bimaculatus group; as indicated by
Duméril and Bibron (1837) with the name
“Anolis alligator”™ (a synonym for A.
roquet), they have a distinctly croeodilian
look. Even the short-nosed species, such as
A. richardi or A. griscus, conform, and look
like some of the caimans.

Unfortunately, a considerable familiarity
with Lesser Antillean anoles is required
before one ean separate members of the
two groups on the basis of general appear-
ance. The next simplest method of sepa-
ration is geographic: the bimaculatus group
occupies the islands from St. Croix south-
ward to Dominica; the roquet group oc-
cupies the islands from Grenada northward
to Martinique. The solc case of geographic
overlap results from the tiny, and obviously
introduced, colony of Anolis wattsi (Dbi-
maculatus group) in Castries, St. Lucia (a
roquet group island),

For those who lack both familiarity with
the lizards and geographic data, distin-
guishing definitions may be devised. Ethe-
ridge (1959) separated all members of the
bimaculatus  series  (both  Greater and
Lesser Antillean) from all members of his
latifrons series (Lesser Antillean roquet
group and South American relatives) by
the single character of number of para-
sternal chevrons attached to dorsal ribs.
Gorman’s (196S) chromosome data provide
a method of separating Lesser Antillean
bimaculatus group members from one of
their Greater Antillean relatives, and head
proportions will eliminate the remainder.

Similarly, autotomy septa in the candal
vertebrae separate the Lesser Antillean
members of the roquet group from most
other members of the latifrons series. Un-
fortunately, there are extralimital latifrons
series Anolis that arc cither members of
the roquet group itself (bonairensis, blan-
quillanus) or are so poorly known osteo-



logically at the present time (agassizi) that
a geographic clause must remain in my
definition of the group. In short, then:

Lesser Antillean Anolis of the bimacu-
latus group have: (1) three parasternal
chevrons attached to dorsal ribs, (2) an
NoNGXoNs  (female) and NoXoY  (male)
trivalent sex inheritance systemn, and (3) a
moderately long snout: the standard dis-
tance is greater than 125 per cent of the
distance from the center of the eve to an-
tevior edge of the car. The roquet group
(and all latifrons series anoles) are climi-
nated by character (1). Anolis evermanni,
of Puerto Rico, lacks character (2). All the
remaining  bimaculatus  group  members
(the stratulus-distichus complex) are short-
headed and eliminated by character (3).

The Lesser Antillean Anolis of the roquet
group have as follows: (1) four parasternal
chevrons attached to dorsal ribs, (2) no
karyotypic sexual heteromorphism, (3)
functional autotomy septa in the caudal
vertebrae, and (4) thev occur east of 63°
W longitude.

As noted above, three extralimital Anolis
of the latifrons series agree with members
of the roquet group in having functional
caudal autotomy septa: A. agassizi, of Mal-
pelo Island, eastern Pacific; A. bonairensis,
of Bonaire, and A. blanquillanus of Blan-
quilla. both off the coast of Venezuela west
of 64° W longitude. T have seen none of
these forms in life. Etheridge (personal
communication) reports that agassizi is
osteologically distincet, and under study.
Gorman and Dessauer (1966) and Gorman
and Atkins (1967) show bonairensis to be
distinet in karyotype and blood proteins
from its close relatives in the Lesser An-
tilles. A. blanquillanus was described by
Hummelinck (1940) as a subspecies of A.
bonairensis. Gorman and Atkins suggest
that blanquillanus “is the living intermedi-
ate between luciae and bonairensis”; but
there is no karvotypic or biochemical evi-
dence on  this point. Removal of the
geographic clause in the above definition
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must await the collection of further infor-
mation.

Underwood (1959) recognized  thirteen
forms of Lesser  Antillean  Dimaculatus
group anoles, and divided them among six
species (one unnamed ). Of these, one
(bimaculatus) was credited with six sub-
species, another (speciosus) with two; the
remainder were considered monotypic.

Anolis wattsi was placed in a group by
itself on the grounds that it possessed a
double row of enlarged middorsals, keeled
ventrals, and narrow digital dilations.
Actually, all Lesser Antillcan members of
the bimaculatus group possess a double
row of enlarged middorsals  (including
sabanus, noted by Williams, 1962a, as not
having such scales). Underwood did not
regard Anolis acutus as being Lesser Antil-
lean, but keeled ventrals are widely dis-
tributed among such bimaculatus group
forms as lividus (listed as a subspecies of
bimaculatus by Underwood, 1959 ). marmo-
ratus, and oculatus. Anolis acutus and A.
sabanus bridge the gap in digital dilation
width between A. waitsi and the other
Lesser Antillean members of the group.
Gorman and Atkins (196S) have shown
that wattsi is karyotypically similar to Di-
maculatus, gingivinus, sabanus, marmo-
ratus, and lividus, but different from cither
acutus or oculatus—which are very differ-
ent from cach other karyotvpically; both,
though, may show very heavy ventral keel-
ing. A large amount of fresh material, with
color notes and field sketches made from
life, has been accumulated, principally by
me, since Underwood’s (1939) paper.

I have restored A. wattsi to the bimacu-
latus group. Anolis oculatus has been sub-
divided into four races (Lazell, 1962):
Anolis marmoratus now includes six forms
listed by Underwood as members of dif-
ferent species, and six additional forms as
well (Lazel, 1964a). Anolis nubilus Gar-
man  (1887) was resurrected from pro-
visional synonymy to subspecies  status
under bimaculatus by Williams (1962a),
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and is here reinstated as a full species. A
cingivinus was returned to species status
(Lazell, 1964c¢). A. sabanus Garman
(1887) is here returned to species level.
A. acutus of St. Croix is included in this
account,

In synthesis, then, the bimaculatus group
of Anolis in the Lesser Antilles consists of a
complex of forms distinet from their
Greater Antillean relatives. Most of them
are dichopatric, and no more than three
full species have ever been collected  to-
gether on  the same island;  however,
twenty-six are arranged below in nine full
species. Only Anolis bimaculatus leachi has
remained unaffected by nomenclatorial
changes since the last revision of these
forms (Underwood, 1959).

In the Lesser Antillean members of the
bimaculatus group, the males possess con-
spicuously enlarged postanal plates; these
are absent in females. Remarks made be-
low on sexual dimorphism in squamation
do not include this universal feature of the

group.
The Lesser Antillean members of the
roquet  group have been reviewed ex-

tensively with respect to display hehavior
(Gorman, 1968). karyotypes (Gorman and
Atkins, 1967), and blood proteins (Gor-
man and Dessauer, 1966). The general
aspeets of the zoogeography of the best
known ftorms are reviewed by Gorman and
Atkins (1968h). None of these works is
taxonomic in nature or mtent, and nonc
resorts to anatomical features at a level
higher than karyotype. The last revision
of these forms is that of Underwood (1959).
e recognized nine forms in three full spe-
cies:  roquet  (with three subspecies),
trinitatis (with four subspecies). and ricli-
ardi (with two subspecics). Gorman and
Atkins (1968h, and works cited therein and
above) regard Underwood's roquet as con-
founding three distinet forms (roquet,
extremus, and aeneus) and including a
fourth  (cinereus) not separable from
aeneus. They regard trinitatis of Under-
wood as confounding two very distinct

forms (trinitatis and luciae), cach of which
they consider monotypic (i.e., wvincenti
equals trinitatis; procuratoris equals luciae).
They regard richardi and griseus as dis-
tinct. My work substantiates the views of
Gorman and Atkins as a skeletal arrange-
ment; five new parapatric races of Anolis
roquet arc deseribed, so not even Anolis
roquet roquet of Underwood remains as in
his usage.

All Anolis seem to be basically insectiv-
orous; dietary niche segregation between
sympatric species must, therefore, depend
on the habitat in which prey is hunted, or
the size of the prey, or both. Both Gosse
and Barbour reported Anolis carmani eat-
ing vegetable matter, and Grant implied
disbelief (all in Lynn and Grant, 1940: S4-
85). T have observed that many species of
Anolis commonly cat vegetable matter, and
have watched A. garmani (in Jamaica) cat-
ing green leaves, A. Dimaculatus biting
pieces out of Opuntia fruits, and A. griseus,
A. richardi, and A. aeneus eating berries
(the latter two together); details for all
but the first mentioned are given in the
species accounts.

A Key 10O LESSER ANTILLEAN ANOLIS
OF TIHE BIMACULATUS (;R()L‘l’

Prenasal subrectangular, not extending
to the level of the naris oculatus
h.  Prenasal posterodorsally elongate, extend-
ing to or beyond the anterior level of the

naris o . 2
2. a. Midventrals smooth or weakly keeled 4
b. Midventrals strongly keeled .. 3
3. a.  Interparietal in contact with supraorbital
semicircles, or, if separated by one scale,
then more than 23 midventrals in stan-
dard distance, or, if separated by two
seales, then more than 28 midventrals in
standard distance acutus
b. Not as above B ) watlsi
{. a. Width of car opening contained in height

2.3 or more times T
b.  Width of ear opening, at middle of ear,
contained in height of ear opening 2.2
or less times 5
5. a. 26 or more subdigital lamellae under
the second and third phalanges of the
fourth toe - R
b. 25 or less subdigital lamellae gingicinus



Male with large plain white fan; female
with white spots or streak over hind
limb .2 & nubilus
b. Male with small marked or colored fan;
female  without white spots or streak
over hind limb bimaculatus
Males with very large, very dark spots
covering dorsal surfaces: females with
smaller, more mottled, but very definite
dark spots laterally _ sabanus
b. Not spotted as above =S
Evelids yellow to red, but no dark
vermiculations or speckles on nape
IS e SRR SN SR | -1 11 S
b.  Any combination not covered by 7 or Sa
(that is, males with dark spots confined
to sides or anterior body: or females
without large, dark, mottled, lateral
spots: or with vellow to red eyvelids and
nape speckling: do not despair, there are
only 12 races) .. ... wmarmoratus

=1
vl

Key 10 THE ANOLIS OF THE ROQUET GRroup
1. a. Enlarged sublabials extend posteriorly
beyond the posterior level of the orbit
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, : luciae
b. Enlarged sublabials terminate below
2. a. Seales of the supraorbital semicircles ar-
ranged so that four or fewer abut, or, if
more, then interparietal separated from
supraorbital semiecireles &
b. Notasabove ... 4
3. a. Middorsals in ten per cent of the snout-
vent length 11 or less (S-11) - griseus
bh. Middorsals in ten per cent of the snout-
vent length 12 or more (12-15) _ richardi

Dorsals in standard distance 37 or more

Axilla without dark pigment __ aencus
b. Axilla with dark pigment 6
Head relatively broad: width between
eves across supraorbitals at narrowest
point contained in standard distance less
than four times SO _extremus
. Head relatively narrow: width between
eves contained in standard distance four
or more times roquet

Anolis acutus Hallowell

Anolis acutus Hallowell (1856: 228)
Anolis newtoni Gunther (1859: 212)

Type. None designated. Apparently none
of Hallowell's original material is still in
existence: I personally searched both the
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collection  and  the catalogues  of  the
Academy of Natural Sciences of  Phila-
delphia: Edmond Malnate (personal com-
munication) is of the opinion that it no
specimen can be found on the shelves. or
in the catalogues. none is there. The de-
seription given by Hallowell would fit any
Lesser Antillean Anolis of the Dimaculatus
aroup with keeled ventrals, and certainly
fits acutus. Because the name is in standard
usage for the St. Croix anole (e, g. Gor-
man. 196S. and works cited therein; Mal-
donado and Oritz, 1966), I fcel that no
neotypic designation is presently required.

Type locality. Unknown (Hallowell gives
“Cuba?”). Here restricted to Christiansted.
St. Croix, where this species is abundant
and casily obtained.

Diacnosis. An Anolis of the Lesser An-
tillean section of the bimaculatus group (as
here defined) combining the following
characters: prenasal posterodorsally  elon-
gate, extending to or bevond the anterior
level of the mnaris; midventrals  sharply
keeled; interparietal in contact with supra-
orbital semicircles. or, it separated by one
scale, then more than 23 midventrals con-
tained in the standard distance. or. if
separated by two scales, then more than
28 midventrals contained in the standard
distance. (See relationships, below.)

Squamation. One hundred seventeen
specimens (76 males. 37 females, and 4
juveniles) are similar to other Lesser An-
tillcan bimaculatus group anoles, except in
the following features: the prenasal is
posterodorsally  clongate and  frequently
constitutes the entire dorsal border of the
naris. The midventrals are sharply kecled
and average smaller than the middorsals;
from 23-35 (average 30) are contained in
the standard distance at midbody. The mid-
dorsals are keeled or tectiform and imbri-
cate or subimbricate in males. though
sometimes  quite inimbricate in - females:
there are 18-25 (average 21) middorsals in
the standard distance at midbody.  The
scales lateral to the middorsals show a
graded but rapid decrease in size: there
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arc 3848 (average 43) dorsals in the
standard distance six scale rows lateral to
the dorsal midline at midbody. The sub-
digital pads are of the “raised” type of
Boulenger (1885). There are 19-26 (aver-
age 23) subdigital lamellac beneath the
second and third phalanges of the fourth
toe.

Coloration. Males are basically brown,
but vary from ash or pale olive-green to
chocolate, frequently in the same individ-
ual. Color change to darker tends to bring
out an irregular pattern of slatey, transverse
mottlings: concomittantly, fine ashy-white
frosting or speckles usually develop. The
orbital skin may be undistinguished, or
vary from dull yellowish to faintly reddish.
The ventral surfaces, from chin to tail, are
pale and variably suffused with vellow;
dark mottling usually appears along the
lateral Dbelly, at least, though it may be
highly inconspicuous in the pale color
phase. The throat fan varies from virtually
white to dull grey-green, and has a yellow
to orange-red blotch near (but not at) the
anterodistal edge. The fan scales tend to
correspond to the ground color of the fan,
and thus contrast to the brighter color in
the blotch area.

Females are wusually brown with a
variably bold ladder or striped middorsal
pattern and a variable flank stripe; they
an turn virtually patternless green-brown
or grey-brown. The ventral yellow tends to
be more extensive and brighter in females
than in males; this situation also occurs in
Anolis gingivinus (see below).

There is something of a geographic ele-
ment in color variation. Some individuals
from Green Cay and Buck Island appeared
dingier or duller than those from Christian-
sted; the same was true of some specimens
from the interior, c. g., Creque Dam. The
reddest fan blotches were noted on Buck
Island, the reddest orbital skin on an in-
dividual from Creque Dam (JDL 77).
Buck TIsland specimens sometimes have
bold, light flank stripes, even apparent in
males.  Some specimens of both sexes in

the northwestern part of St. Croix (e. g.,
Hams Bluff Coast Guard Station and
Creque Dam) show a vellowish dorsal
wash. Specimens from xeric, coastal areas
(e.g., East Point or Sandy Point, opposite
extremes of St. Croix) tend to be paler
than those from more mesic arcas. A male
from East Point (JDL 61) turned “a very
pretty ashen-grey with a decidedly pinkish
tinge” when handled; it had previously
been olive-drab.

Adult  Anolis
Plate 1.

Size and sexual dimorphism. Males of
Anolis acutus attain 65 mm snout-vent
length (JDL 51; S shore, Buck Island);
females attain 48 mm (JDL 49, Green Cay,
and JDL 62, East Point). Males as small
as 48 mm (JDL 61, Iast Point) appear to
be sexually mature; the presence of eggs
in the oviducts demonstrates the maturity
of females as small as 3§ mm (JDL 74,
Hams Bluff Coast Guard Station).

The standard distance is 18-22 (average
19) per cent of the snout-vent length in
males, and 18-20 (average 19) per cent of
the snout-vent length in females. Although
therc is not an average difference in sig-
nificant figures, more accurate measure-
ments  (c. g., snout-vent to tenths of a
millimeter ), or larger samples, might show
a faint dimorphism.

Sexual dimorphism is well developed in
both coloration and average adult size. It
is not, however, nearly so striking in either
respeet as in some other Lesser Antillean
forms. This is in keeping with the postu-
lated position of Anolis acutus in bimacu-
latus group phylogeny (sec below).

Population structure and ecology. This
is a genuinely ubiquitous anole. Most forag-
ing, in both sexcs, is done on the ground,
aud perches are selected from just above
ground level to at least ten feet; females
and juveniles tend to perch closer to the
ground than do adult males.

Retreat hehavior may be either up, with
the intention of escaping out of reach of
the collector, or down into cavities and

acutus are shown on



crevices. In a wooded, fairly rugged arca.
like that around Creque Dam. Anolis
acutus can be maddeningly effective at
both techniques.

Two eggs (MCZ 4623S; no precise lo-
cality) measure 10.5 X 7.0 mm and 11.0 X
7.6 mm.

The sex ratio appears to be balanced,
although there is a bias for male captures
on the part of collectors (including my-
self). T have observed copulation in June
and February, and assume breeding be-
havior occurs through the year. Judging
from the fact that females characteristically
contain one large egg in one oviduct and
one small one in the other, it is reasonable
to assume that eggs are laid singly at inter-
vals of a few weeks. In all of these respects,
Anolis acutus seems typical of Lesser An-
tillean Anolis as a whole.

Distribution. Anolis acutus is confined
to the St. Croix Bank, where it is abundant
and infradispersed throughout St. Croix
itself and on the coastal cays. MCZ
10339(5), collected by G. K. Noble and
labelled “St. Claude, Guadeloupe™ are a
simple case of label switching: MCZ
10425-37, also collected by Noble, bear the
locality datum “St. Croix,” but are Anolis
marmoratus typical of the St. Claude popu-
lation.

Relationships.  Anolis  acutus, like all
other Lesser Antillean bimaculatus group
anoles, shows male chromosomal hetero-
morphism (Gorman, 1965; Gorman and
Atkins, 1966, 1967, 196Sa and 196Sh).
Characteristically, in this group, 2n = 29 in
males, 2n = 30 in females. Anolis oculatus
is an exception where 2n=31 and 32.
Anolis acutus resembles oculatus in having
2n =31 and 32, for males and females re-
spectively, but the morphology of the
karyotype is very different: “There are six
large pairs of metacentric macrochromo-
somes, and then a small seventh pair some-
what intermediate in size between  the
macro- and microchromosomes.” (Gorman
and Atkins, 1965b). This contrasts to the
situation in oculatus and all other Lesser

i
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Antillecan  members  of  the  bimaculatus
group, which have at least nine pairs of
macrochromosomes. It is, however, similar
to that of Anolis stratulus of the Puerto
Rico Bank, and not far ditferent from other
Greater Antillean members of the group.
The work of Gorman and Atkins thus
argues for the phylogenetic intermediacy
of acutus between the two geographic
subgroups: it has the sex chromosome
heteromorphism  of its  Lesser  Antillean
relatives. but resembles its Greater Antil-
lean relatives in other aspects of karvotype
morphology. It is. of course, geographically
intermediate as well. Usually, Greater An-
tillean bimaculatus group anoles have a
throat fan with a bright. central blotch
color contrasted to a border color: Lesser
Antillean forms do not. A. acutus, with its
vellow to orange-red blotch, resembles its
western relatives in this respect.

Despite karyotype and color distinctions,
A. acutus is strikingly similar in morphol-
ogy to A. wattsi, on the one hand. and A.
sabanus on the other. It differs from the
latter principally in having keeled, rather
than smooth, ventrals; from A. wattsi (as
can be seen from comparing species diag-
noses) acutus is hardly distinguishable on
squamation, This is in part due to the
squamational diversity of the four races of
wattsi, but in large measure reflects a real
similarity; A. wattsi is probably the closest
relative of acutus. The difficulty in di-
agnosing these forms also results from the
fact that smaller scaled individuals of
acutus have smaller scales all over: small
ventrals are coupled with small head scales.
The diagnosis must take this into account.

Anolis acutus is intermediate in  size
between A. rwattsi, on the one hand, and
the larger forms, like bimaculatus itself, on
the other. It has not gone in for spectacular
sexual dimorphism in scales and color (as
has sabanus) or spectacular dimorphism in
(as has bimaculatus); it shows a
halance of the two. Like its geographically
distant neighbors, marmoratus and oculatus
(also the sole anoline inhabitants of their

size
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ranges), A. acutus is ubiquitous and un-
specialized in habitat.

All considered, it is tempting to speculate
that all Lesser Antillean bimaculatus group
anoles derived from Greater Antillean stock
via an ancestor so close to the present form
that. it I had a specimen before me, 1
would pronounce it Auwolis acutus. That 1
have succumbed to this temptation will be
evident from the general evolutionary dis-
cussion provided for the bimaculatus group
below.

Anolis wattsi Boulenger

Anolis wattsi Boulenger (1894: 375)

Type. BMNNIL 1946.8.29.12-13  (fide
Underwood, 1959: 217).

Type locality. “Antigua’™; here restricted
to the capital city of St. John’s, Antigua,
where this species is abundant and displays
unequivocally the  characteristics of  the
nominate subspecies.

Diagnosis. An Anolis of the Lesser An-
tillean section of the bimaculatus group (as
here  defined)  combining  the following
characters: prenasal posterodorsally  elon-
gate, extending to or beyond the anterior
level of the naris; midventrals  sharply
keeled: interparietal separated from supra-
orbital semicircles by three or more scales,
or, if by only two, then with less than 28
midventrals in the standard distance, or, if
by only one, then with less than 23 mid-
ventrals in the standard distance.

Remarks.  Auolis waltsi, as here under-
stood, is an amalgamation of four, quite
ditferent, dichopatric forms. In two cases
there is evidence of apparent character
approach  between  two  geographically
approaching forms. Beecause ecological
conditions in cach case also become in-
creasingly similar in concordance with
geography, a case might be made for re-
garding the similarities of the anoles in the
relevant areas as convergence in distinct
species. Because several characters are in-
volved in cach case, and because some of
these characters are not ostensible adapta-

tions to ccological conditions, T regard the
apparent character approach as evidence of
evolutionary continuity, and therefore, as
evidence of conspecificity.

In one case there is apparent divergence
in a major diagnostic character concordant
with geographical approach. It the two
forms involved were absolutely distinet on
the basis of any one of the several char-
acters in which they differ, T would regard
this character divergence as compelling
evidence that tull species level has been
reached. In this case, however, though the
differences separate more than 95 per cent
of the specimens, absolute distinction has
not been reached. On the basis of present
information, therefore, I have little choice
but to regard these forms as still con-
specific.

There is definite evidence within one
form of morphological divergence and dis-
tributional change since 1922, Clearly, the
arrangement offered here of four subspe-
cies 1s only temporary: speciation is here
in a vividly dynamic state.

The deployment and major features of
the four races are indicated in Figure 3.
Details are presented under the relevant
forms Dbelow; a discussion including the
possible evolutionary history of the com-
plex follows the subspecies accounts.

Anolis wattsi wattsi Boulenger
Anolis wattsi Boulenger (1894: 375)

Type. BMNH  1946.8.29.12-13
Underwood, 1959: 217).

Type locality. St. John's, Antigua, by
present restriction (see above).

Diagnosis. An Anolis wattsi combining
the following characters: middorsals in the
standard distance at midbody 13-19; male
with orange-yvellow throat fan; female with
variable tlank stripe alwavs holdest posteri-
orly: suboculars usually blue.

Squamation. One hundred seventy-four
specimens (98 males, 71 temales, and 5
juveniles) are similar in squamation  to
other Lesser Antillean Dimaculatus group

(fide



POGUS
(St. Martin; previously
Anguilla)
Middorsals: 13-19.
Throat fan (&): white.
Flank stripe (9): absent.
Suboculars: variable.
Habitat: clumped in wet,
shady pockets.

SCHWARTZI
Middorsals: 0
19-24, St. Eust.
20-25, St. Kitts
21-26, Nevis
Throat fan (&):
yellow-orange.
Flank stripe (9
bold posteriorly.
Suboculars: white to tan.
Habitat: clumped in wet,
shady pockets in lowlands;
infradispersed in highland
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FORRESTI
(Barbuda)
Middorsals: 14-20.
Throat fan (d): white.
Flank stripe (9):

bold anteriotly.
Suboculars: white to

tan.
Habitat: well
dispersed; all

Xeric .

WATTSI
(Antigua and cays)
Middorsals: 13-19.
Throat fan (d):

yellow-orange.
Flank stripe (9):

bold posteriorly.

forest. Suboculars: blue.
Habitat: well
dispersed; mesic
and xeric.
Figure 3. The deployment ond mojor feotures of the four subspecies of Anolis wotlsi. See text.

anoles, except in the following features: the
prenasal s posterodorsally  elongate and
frequently  constitutes  the  entire  dorsal
border of the naris. The midventrals are
sharply keeled and average smaller than
the middorsals; from 16-26 (average 20)
midventrals are contained in the standard
distance at midbody. The middorsals are
keeled or tectiform. and imbricate or sub-

imbricate in males. From 13-19 (average
16) middorsals are contained in standard
distance at midbody. The scales lateral to
the middorsals show a graded but rapid
decrease in size. There are 35—19 (average
42) dorsals in the standard distance  six
scale rows lateral to the dorsal midline. The
subdigital dilations appear quite narrow in
most specimens, and are sometimes not
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clearly of the raised type of Boulenger
(1885) and Williams (1963). There are
17-22 (average 20) lamellae under the
second and third phalanges of the fourth
toc.

Coloration. In lite, this is typically a
bright and very pretty anole. Males have
a basically brown dorsum, usually with a
posterolateral green wash, and show faint,
darker, transverse bands at least in their
darker color phase; darkening scems to be
associated with disturbance or capture
throughout the range. The chin and snout
are suffused with orange, as is the under-
side of the tail. Sometimes an orange suf-
fusion extends over the posterior dorsum,
tail, and hind limbs. The venter is pale to
bright yellow, frequently with a green
abdominal wash. The throat fan is rich
orange-yellow with pale blue, blue-grey,
or white scales; the fan scales turn grey in
the disturbed phase. The subocular scales
are typically bright sky blue; this blue
usually extends brightly to the eyelids, and
fades into the temporal area. A copper-
tarnish green is frequently noticcable on
the supraocular disk and sometimes in-
cludes the orbit generally.

Females are rich brown to dull grey-
brown. There is a pale tan middorsal stripe
bordered, and usually interrupted by, dark
grey-brown, constituting a striped or ladder
middorsal pattern. A pale flank stripe may
be present from axilla to groin, but is bold-
est in the groin region, and usually set oft
from the ground color by dark grey-brown
speckles that frequently coalesce into con-
tinuous streaks near the hind limb insertion.
The venter varies from cream to vellow;
the wnderside of the tail is yellow to
orange. There is mo green wash on the
trunk. The orange of the chin and snout,
and the copper-tarnish green of the orbit,
may be reduced from the usual male con-
dition to absence. The suboculars are
normally blue, but this color is duller and
less extensive than in males.

Although the degree and arrangement of
chin spotting with black dots is variable in

nominate wattsi, and not of diagnostic
value, variation in this character is interest-
ing. The mentals, anterior sublabials, and
anterior gular scales are nearly white in
ground color in preserved specimens (the
vellow and oranges fade rapidly). Most
Antiguan attsi have small, subcircular,
black dots fairly uniformly scattered over
these scales.  Anolis wattsi from the St
Kitts Bank is dingier and darker than the
Antiguan form, and its chin spots reflect
this difference: large and heavy. Anolis
wattsi forresti from Barbuda is paler than
any other subspecies; chin spots in this
form are rather small and centrally located
on the scales. Four females of nominate
wattsi from interior SW  Antigua  (Body
Ponds, MCZ 75697-700) have the large,
heavy chin spotting typical of St. Kitts
Bank individuals. One male from this same
region (Boggy Peak, MCZ 55465) resem-
bles forresti of Barbuda in having the
spotting centrally located on the scales,
and the scale margins relatively free of
spots. In this specimen, however, the
spots are very large and heavy—not like
the fine speckles of forresti. The St. Kitts
Bank and Barbuda extremes of chin spot-
ting are shown in Figure 4.

Patterns of adult Anolis wattsi wattsi are
shown on Plate 1.

Size and sexual dimorphism. Males of A.
w. wattsi reach 58 mm snout-vent length
(MCZ 75635, St. John's); females attain 46
mm  snout-vent length (MCZ 64336, St.
John's). Males as small as 39 mm (MCZ
75705, Johnson’s Point) appear sexually
mature; the presence of eggs in the ovi-
ducts demonstrates the sexual maturity of
females as small as 36 mm (MCZ 68914,
Gaylor’s Estate).

Aside from the striking differences in
coloration and pattern (see above), there
is only average sexual dimorphism in size
in A. w. wattsi; at maturity the sizes of the
sexes overlap broadly. There is no sig-
nificant dimorphism in head size. The
standard distance is trom 16-19 (average
18) per cent of the snout-vent length in



both males and females. Williams (1962a)
sugeested that males have larger scales
than females.  Subjectively  judged. this
certainly seems to be true: I did not have
enough cqual-sized males and females to
make a statistically  significant objective
assessment of this possibility.  Since there
is no average difference between the sexes
in number of middorsal scales counted in
the standard distance, 1T can only surmise
that whatever actual differences in scale
size exist are fully compensated for by
the “crowding” (mentioned by Williams,
1962a), and consequent imbrication, of the
middorsals in males.

Population structure and ccology. Bar-
bour (1930b) regarded this form as rupic-

olous; this is an oversimplification. Al-
though basically rupicolous, A. w. wattsi

occurs on trees, bushes, and fence posts up
to three feet above the ground. It shows a
preference for shady stations, but occurs
abundantly in very xerophytic regions, oc-
-asionally perching at open. sunny stations.
Females and juveniles are more terrestrial
and, therefore, more rupicolous than adult
males; the latter characteristically perch
twelve to twentv-four inches above ground
level, but forage on the ground.

A. w. wattsi is less than infradispersed.
but certainly not clumped; this corresponds
to ccological conditions. In shady areas
the species abounds; in xeric regions in-
dividuals usually are more scattered but
find suitable stations wherever rocks or
bushes provide even the slightest cover.
Sugar cane fields, roads, and pastures pro-
vide at least some (though slight) barrier
to complete infradispersion.

Retreat behavior in this form consists of
ducking into holes and crevices in rocks or
tree trunks, or frequently, running under
detritus on the ground.

Distribution.  Anolis wattsi wattsi  is
abundant all over Antigua in suitable habi-
tats and occurs on every coastal cay that
supports more than herhb stage vegetation.
This form also occurs in Castries. St. Lucia,
where it apparently was recently intro-
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Figure 4.

Extremes of pallor and dinginess in Anolis wattsi
indicated by dark speckling on the mentals, enterior sub-
labiols, ond anterior gulars. (A} A. w. forresti, MCZ 75724.
{B) A. w. schwartzi, JDL 209 ({Type).

duced. MCZ 57221-2 and MCZ 58750 plus
one untagged. collected by Proctor, bear
only the datum “Castries.” 1. however,
found this form only in the Botanical Gar-
den (MCZ 71818-21). and never encoun-
tered it clsewhere. It may spread in St
Lucia, as neither of the other anoles oc-
curring there seriously impinges on its
hasically rupicolous niche.

Relationships. Extreme northern Antigua
(vicinity of Hodge’s Bay), Long, Great
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Bird, and Guana Islands (all off the north-
ast coast) are geographically, and eco-
logically, closer to the range of the Bar-
buda form, A. 1. forresti, than any other
parts of Antigua. Individual wattsi are
sometimes paler in this arca than clsewhere
in their range. They lack the dinginess of
the St. Kitts Bank twattsi representative,
but, like that form and forresti from Bar-
buda. they may lack bright subocular blue.
NMCZ 75657, from Parham, and MCZ 75668
from Guana Istand (both males from series
of ten specimens), are examples. NMCZ
75645-51, from Hodge’s Bay. vary from the
normal, bright condition of A. . wattsi
to notably paler, but all fit the diagnostic
color characters of the subspecies. MCZ
75719, a male from Long Island (one of
series of ten), has a throat fan of light.
bright yellow. MCZ 75722, a female from
the same Long Island series, has a {lank
stripe that is boldly accentuated through-
out its length: MCZ S4987 and JDL 243,
females from Great Bird Island, are similar.
I regard these specimens, intermediate be-
tween nominate wattsi and forresti of Bar-
buda, as demonstrating the conspecificity
of the two forms (see Coloration, under A.
w. forresti).

Specimens of nominate wattsi from the
mesic SW interior of Antigua may be very
dark and dingy—thus resembling the wattsi
representative of the St. Kitts Bank., MCZ
55465, from Boggy Peak, though lacking
color notes from life, is clearly an example
of this. MCZ 75691-700. from Body Ponds.
were collected by me, and are all noted as
being dingy in life. Of these, two females,
MCZ 75698 and 75700, lack subocular blue,
and could not be distinguished from St.
Kitts Bank material on the basis of color.
MCZ 75646, a male from Iodge's Bay, is
an example with rather small scales; there
are 19 middorsals contained in the standard
distance at midbody. Five other specimens
from scattered localities also are included
in the range of scale size variation of speci-
mens from St. Eustatius, the northernmost
islaind of the St. Kitts Bank. Because

overlap with St. Kitts Bank wattsi repre-
sentatives occur in both coloration and
squamation, albeit in a tiny number of
specimens, [ regard these forms as con-
specific.

A. w. wattsi overlaps the scale size of the
St. Martin (Anguilla Bank) representative
of the species, but scarcely resembles it in
other respects.

The only other previously named wattsi
representative has heen named twice and
synonymized Dbetween  the namings. It
should be known as:

Anolis wattsi forresti Barbour
Anolis forresti Barbour (1923: 4)
Anolis wattsi, Underwood (1939: 217)
Anolis alter Williams (1962a: 463)

Type. MCZ 16170, W. R. Forrest coll,
no date.

Type locality. “Barbuda™ here restricted
to the major town, Codrington, Barbuda,
where this form abounds, and displays un-
equivocally the characteristics of the taxon.

Diagnosis. An Anolis wattsi combining
the following characters: middorsals in the
standard distance 14-20; male with virtu-
ally white throat fan, and no dark, mossy.
lateral body bars; females with variable
flank stripe always boldest anteriorly: sub-
oculars bluish white to pale tan.

Squamation. Eighty-two specimens (49
males, 31 females, and 2 juveniles) are
similar in squamation to other Lesser An-
tillean bimaculatus group anoles, except in
the following features: the prenasal is
posterodorsally elongate: it always extends
to the anterior level of the naris and fre-
quently constitutes the entire dorsal border
of the naris. The midventrals are sharply
keeled and  average smaller than the
middorsals; from 17-23 (average 20) mid-
ventrals are contained in the standard
distance at midbody. The middorsals are
keeled or tectiform, and imbricate or sub-
imbricate in males. From 14-20 (average
17) middorsals are contained in the stan-
dard distance at midbody. The scales lateral
to the middorsals show a graded but rapid



decrease in size. There are from 35-45
(average 39) dorsals in the standard dis-
tance six scale rows lateral to the dorsal
midline.  The subdigital dilations appear
quite narrow in most specimens, and are
sometimes not clearly of the raised type.
There are 17-22 (average 20)  lamellae
under the second and third phalanges of
the fourth toe. In squamation this form is
essentially similar to the nominate race.

Coloration. 1In life, this is a rather color-
less, drab, normally pale, grey-brown anole.
There may be a faint posterior wash of
green, giving some specimens an olive drab
color. Males normally show little if any
marking, except faint darker grey-brown
transverse bands when disturbed; just the
opposite occurs: specimens may he nor-
mally faintly banded, and hecome uniform
and pale when disturbed. Some males have
a general yellowish cast. The snouts of
males are usually red-brown or copper
tinted; the chin is cream to vellow. The
bellies of males are dirty white to light,
bright vellow. Usually the belly is brighter
posteriorly: those with dirty white anterior
venters normally  have  cream  postertor
venters; those with cream antertorly may
become  light, bright vellow  posteriorly.
The underside of the tail is similarly creamn
to vellow. The throat fan is virtually white;
there may be an all-over lemon  yellow
ast, or a faint posterior suffusion of the
palest lime green. The scales of the throat
fan are not colored differently from the
adjacent skin.  Color change is so slight
that it does not atfect the fan or fan scale
color. The subocular scales are normally
white; pale blue does occur rarely (e. g.,
NMCZ 75743, Castle Rock) and in females
and young males the suboculars are often
very light tan. A tarnished copper green
is frequently noticeable on the supraocular
disk, and sometimes includes the orbit
generally.

Females are light grev-brown. There is
less ventral yellow, as a rule, than in males.
The tarnished copper green of the orbital
arca may be quite absent. A pale tan to
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ash-grey middorsal stripe is bordered, but
usually not interrupted, by darker brown
or grey-brown. The flank stripe is well
developed and frosty white on the shoul-
der; it fades out posteriorly, and is never
set off by darker bordering pigmentation in
the groin.

The pallor of A. w. forresti is indicated
well by the chin spotting (see Fig. 4). The
spots usually are small but, when large, are
rather light and greyish. Spots invade the
central portions of the mental halves and
anterior sublabials from the sides of the
head, but do not normally extend onto the
anterior, posterior, or median margins of
these scales, or onto the gular scales.

The patterns of adult Anolis wattsi for-
resti are shown on Plate 1.

Size and sexual dimorphism. Males of
A, w. forresti reach 52 mm  snout-vent
length (MCZ 75726, Codrington ); femates
attain 45 mm (MCZ 75730, Codrington ).
The smallest male that appears sexually
mature is 38 mm (MCZ 75734, Codring-
ton); the presence of eggs in the oviducts
demonstrates the maturity of females as
small as 38 mm (NMCZ 65565, Derby Cave).

Aside trom marked differences in pattern
(see above) there is only average dimor-
phism in A. . forresti: at maturity the sizes
of the sexes overlap broadly. There is no
significant difference in head  size:  the
standard distance is from 17-19 (average
18) per cent of the snout-vent length in
both males and females. As in AL w. wattsi
(sce above) whatever ditference in scale
size exists between males and females must
be compensated for by scale crowding in
males:; the average number of middorsals
counted in the standard distance is seven-
teen in both sexes.

Population structure and ecology. Like
A, . wattsi. the subspecies forresti is well
dispersed thronghout its range, though its
preference for shade concentrates individ-
uals somewhat. Shade, however, is avail-
able wherever there are bushes or rocks, so
no real clumping into demes is discernible.
Barbuda is, however, far more xerie than
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most of Antigua; the “wet pockets” that
Williams (1962a, b) believed to exist in the
sinkholes (called “caves” on Barbuda) are
absent (sec Discussion, below). Like A. w.
wattsi, males of A. w. forresti usually perch
no higher than about twenty-four inches
and forage on the ground. Females and
young are even more terrestrial and rupic-
olous. Stone walls are a highly favored
habitat.

Retreat behavior is similar to that de-
seribed for A. w. wattsi, above.

Distribution.  This anole is  found
throughout Barbuda whenever  suitable
habitat occurs; it does not penctrate man-
grove swamp (extensive in the north)
more than a few yards beyond the point
where the mangroves actually grow in
water, but it does occur along the edges of
the swamps.

Relationships. The presence of inter-
mediates in color between nominate wattsi
and forresti in extreme northern Antigua
and on the islands off the northeast An-
tiguan coast is regarded as evidenee of the
conspeciticity of the two forms. A. w. for-
resti resembles the A. w. wattsi representa-
tive on St. Martin in squamation and male
throat fan color, but strong distinction in
pattern characters argues against a com-
mon derivation of these forms (sce Dis-
cussion following the subspecies accounts,
below).

Though nominate cattsi and Barbudan
forresti may be each other’s closest rela-
tives, the watlsi representative of the St.
Kitts Bank is so similar to the nominate
form that [ did not distinguish them in the
field. Dr. Albert Schwartz did, and repeat-
edly mentioned to me that he felt the St.
Kitts Bank populations constituted a valid,
different form. It was not until I examined
squamation that I realized Schwartz was
correet. This new form is therefore named:

Anolis wattsi schwartzi subsp. nov.

Type. MCZ 127088, ]J. D. Lazell, coll., 15
February 1966.

Type locality. Nevis Peak: South slope
above Rawlings, 2500 ft., Nevis.

Diagnosis. An Anolis wattsi combining
the following characters: middorsals in
standard distance at midbody 19-26; male
with orange-yellow throat fan; female with
variable tlank stripe always boldest poste-
riorly; suboculars usually white to tan.

Squamation. The following description
is of the type (variation in 123 paratypes—
77 males, 42 females. and 4 juveniles—is
given in parentheses). The type is similar
in squamation to other Lesser Antillean
members of the bimaculatus group (as are
the paratypes), except in the following
features: prenasal posterodorsally elongate,
forming the entire dorsal border of the
naris (always extending at least to the
anterior level of the naris; sometimes bor-
dering dorsally on a nasal scale that in-
cludes the naris). The midventrals are
sharply keeled and imbricate. There are
25 (19-28, average 23) midventrals in the
standard distance at midbody. The mid-
dorsals are keeled (sometimes tectiform)
and not imbricate (sometimes subimbri-
cate). There are 22 (19-26, average 22)
middorsals contained in the standard dis-
tance at midbody. The scales lateral to the
middorsals show an abrupt decrease in size.
There are 51 (44-60, average 52) dorsals
contained in the standard distance six scale
rows lateral to the dorsal midline. The
subdigital dilations appear quite narrow
(may be as dilated as in some other spe-
cies, like A. acutus or A. sabanus), and
are of the raised type (may not be clearly
s0). There are 22 (17-23, average 20)
subdigital lamellae under the second and
third phalanges of the fourth toe.

There is some geographic variation, indi-
cating a north-south cline, in scale size best
shown by the Thirty-three
specimens (13 males, 1S females, and 2
juveniles) from Nevis have 21-26 {average
24) middorsals in the standard distance at
midbody, whereas 18 from St. Kitts (12
males, 5 females, and 1 juvenile) have

middorsals.



20-25 (average 23). and 63 from St. Ensta-
tius (43 males. 19 females, and 1 juvenile)
have 19-24 (average 22). The apparent
collectors’ bias for St. Eustatius (possibly
because it is thought ot as the “least known”
of the three islands?) artificially compro-
mises the difference between sclucartzi
and nominate wattsi: it is only in St. Kusta-
tius individuals that overlapping middorsal
counts have been found (sce Relationships,
below ).

Coloration. In life, the type (an adult
male) was dark, dingy grey-brown dorsally
and could develop a faint olive tinge with
vague transverse markings. The belly was
dull, rather metallic looking, yellowish
brown. There were orange suffusions on
the snout. chin, and underside of the tail.
The throat fan was deep orange with dull
whitish scales that turned dark grey when
the animal was handled. There was a hint
of copper-tarnish green in the supraocular
disk area, and the suboculars were off-
white. The dark, heavy chin spotting is
shown in Figure 4.

Preserved, the male paratvpes are all
very similar to the tvpe. Color notes from
life for those specimens collected by me
indicate little more variation. All arc dull
and dingy, and most ditfer from nominate
wattsi additionally in  lacking  subocular
blue. Some blue was present in MCZ 75507
and 75509, males from a series of ten from
Basseterre, St. Kitts, collected by me.

There is some variation in transverse
banding. In about 20 per cent of males
from St. Eustatius the anteriormost band,
across the neck, is bolder than those on the
back. This is also true of JDIL 168, a male
from Godwin’s Gut, 2.5 miles northeast of
Lambert’s Estate Yard, 1000 feet, in north-
em St. Kitts. In most other specimens the
nape band is no more (usually less) promi-
nent than the back bands, and in some
specimens no banding may appear at all.
(See Relationships, below).

Females of A. w. schwartzi are very
similar to females of nominate rwattsi. They
are duller and dingier than most Antiguan
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specimens, frequently lack orange tones.
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